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I. INTRODUCTION. 


[HE presentation which follows is based upon investigations 
made in the city of Chicago during the past six years. ‘The in- 
vestigations have been the outgrowth of a popular belief that the 
atmosphere of Chicago has been more smoky than it needed to be, 
and that the steam locomotives of the Chicago railroads have been 
large contributors to the total smoke content of the atmosphere. 

\fter much discussion in the City Council and elsewhere, the 
Chicago Association of Commerce, an organization devoted to 
the welfare of the city and in a peculiar sense representative of its 
business interests, undertook, in 1909, the direction of an educa- 
tional movement in the abatement of smoke, and has since per- 
sisted in its efforts. It first appointed an expert committee to 
consider and report upon questions relating to the desirability and 
the practicability of electrifying the steam railway terminals of the 
city, and upon other questions relating to the elimination of smoke. 
This committee, in due time, presented a report containing a 
series of recommendations. Its conclusion with reference to the 

*Presented at a meeting of the Mechanical and Engineering Section held 
December 9, I915. 
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electrification of railroads was to the effect that such electrification 
was practicable from an engineering standpoint ; that when effected 
it would be of economic advantage to the railroads; that it would 
present no greater element of danger than now exists; and that 
the most serious and difficult features of the problem were financial. 

The railroads declined to accept the conclusions set forth by 
this report, and in stating their objections they emphasized the 
fact that the conclusions of the committee were merely the opinions 
of individual members; that the committee had made no investi- 
gations and was in possession of no information not available to 
others. 

This attitude on the part of the railroad officials emphasized 
the desirability of a thorough investigation, which should de- 
termine the relative responsibility of the different fuel-consuming 
services for the smoke of the city, and the practicability of elec- 
trifying its steam-railroad terminals as a means in smoke abate- 
ment. It was finally agreed that if the Association of Commerce 
would provide for the organization of such an investigation, the 
cost of conducting it would be met by the railroads of Chicago. 

In obedience to this arrangement, a second committee was ap- 
pointed, which has since been known as the Chicago Association 
of Commerce Committee of Investigation on Smoke Abatement 
and Electrification of Railway Terminals. The committee thus 
formed, consisting of sixteen members, was organized for work 
in 1911. Four of its members were representatives of the city 
government and were nominated by the Mayor of the city of 
Chicago, four were railway presidents, and nine were represent- 
atives of the Association at large. Its purpose was early defined 
as follows : 


t. To bring about a determination as to the neces- 
sity for changing the motive power of steam locomotives 
to electric or other power. 

2. To determine the mechanical or technical feasibil- 
ity of such a change. 

3. To determine the financial practicability of such a 
change. 


A chief engineer was appointed, and under his direction an 
expert staff was organized to conduct the necessary investiga- 
tions. The work thus outlined has now been completed and the 
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report of the committee has been issued.’ The methods em- 
ployed by this committee in its investigations will be serviceable 
to those who may be called upon to investigate similar problems 
in other cities. Many of the conclusions which have been drawn 
may be accepted as of rather general application. 


II, THE EFFECTS OF SMOKE AS THEY APPEAR IN LITERATURE.’ 


Smoke and soot are generally regarded as modern evils. They 
are not so in fact. Our first definite information of the use of 
bituminous coal is gained from complaints which were made 
against its use because of its smoke. In England, in the time of 
Edward the First, the nobility protested against the use of “ 
coal,” and fifty years later a man is said to have been put to 
torture in London because he filled the air with a * pestilential 
odor” through his use of coal. In the middle of the fourteenth 
century the authorities of the German town of Zwickau pro- 
claimed as law: “ Know ye that all smiths working within the 
walls must refrain from the use of coal in their work.” Toward 
the end of the eighteenth century many scientific and practical 
men, among whom are to be numbered the celebrated engineer, 
James Watt, and the distinguished and ever-active Benjamin 
Franklin, gave attention to problems arising in connection with 
the use of bituminous coal for domestic and industrial purposes. 

In general, the prohibition of smoke ordinances relates to its 
visible aspect. Many American cities prohibit “dense smoke” ; 
others, “ black, thick, and continuous smoke’”’; and still others, 
‘dense black or dense gray smoke.” The city of Philadelphia 
attempts greater precision by specifying “‘ smoke intercepting more 
than 60 per cent. of light, and fumes of sulphurous or noxious 
odor.’ Obviously, these terms are not precise. In many cases 
they have been found too elastic to sustain a proper enforcement 


Ssea- 


of the ordinance. A comprehensive definition of smoke must 
take account of the process by which the smoke is produced, the 


‘Smoke Abatement and Electrification of Railway Terminals in Chicago,” 
report of the Association of Commerce Committee of Investigation. 

? Smoke as an element in the pollution of the atmosphere has been ex- 

tensively studied. A list of articles consulted by the Chicago committee con 


s 450 entries. 
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nature and composition of its constituents, the manner in which 
this may be diffused in air, and the degree to which they may 
separately or collectively be regarded as injurious or objectionable. 

The literature of the subject shows that the methods devised 
for studying the atmosphere of cities are still largely experimental. 
Although soot and its effects have formed the principal subjects of 
complaint, the methods commonly employed in determining the 
solid content of smoke-polluted air are admittedly less satisfactory 
than those used in determining the gaseous content. The fact 
is coming to be emphasized that effective smoke inspection must 
involve technical knowledge and the skilful use of laboratory 
equipment. Comparative studies of the air of neighboring cities 
based on such methods are being generally urged. 

The influence of smoke in the atmosphere upon health con- 
stitutes a question which has been much discussed. The testi- 
mony as it appears in existing literature is conflicting. Doubt- 
less many writers have been inclined to over-emphasize the effect 
of smoke upon health. A summary of such a review of this 
phase of the problem has been set forth as follows :* 

1. There is a general agreement among sanitary 
authorities that polluted air is harmful to health. 

2. At the present time there is no accurate method 
of measuring this harm, nor of determining the relative 
responsibility of the different elements which enter into 
the mixture of gases and solids commonly referred to 
as atmospheric air. 

3. The direct effect of smoke or of any of its at- 
tributes, including soot, dust, and gases, in amounts 
which may ordinarily pervade the atmosphere of a 
smoky city, are not shown to be detrimental to persons 
in normal health. 

4. The direct effect of smoke upon those who are 
ill has been most extensively studied in connection with 
tuberculosis and pneumonia. It appears that smoke 
does not in any way stimulate the onset of the tubercular 
process nor militate against the rapidity of recovery 


* Report of the Chicago Committee of Investigation. 
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when once this disease has been contracted, but that it 
has a direct antiseptic effect and tends to localize the dis- 
rder. In cases of pneumonia the effect becomes se- 
riously detrimental. 

5. In addition to these direct results, indirect effects 
result from the diminution of sunlight and the increase 
n fogs, clouds, and haze. 

Che effect of smoke upon vegetation where the exposure is 
severe is clearly shown. ‘The results of observations and ex- 
periments touching this phase of the matter have been sum- 
marized as follows :4 

t. That smoke may exert injurious effects on vege- 

mn. These effects may be direct or indirect. The 
direct effects are slow in asserting themselves, trees and 
plants exposed to them gradually losing vigor through 
a series of years until they finally perish. 

2. That the products of combustion which are most 
pronounced in their direct effects are the soot and tar 
discharges and the sulphurous gases, though injury may 
occur as a result of an increased acidity in the soil caused 
by smoke. 

3. That the indirect effects appear as a result of fogs 
induced by smoke, the occurrence of which has some- 
times injured or destroyed tender plants. 

4. That no basis is supplied upon which to judge the 
amount of smoke which is necessary to bring about in- 
jurious results; the effects described are generally such 
as have attended exposure to severe conditions. . 

The loss and damage to property arising from smoke has been 
tentatively studied in various localities, and estimates based upon 
fuel consumption have been made. In none of these can the 
methods be accepted as satisfactory or the results as approximating 
the truth. Many of the facts involved are variable or inde- 
terminate. It may be noted that: 

1. The loss and damage caused by the gaseous prod- 
ucts of combustion are due chiefly to their sulphur con- 


*Chicago Committee of Investigation. 
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tent. lhe investigations of the Chicago Committee 
show that the extent to which sulphur appears in such 
gases depends upon the composition of the fuel and not 
to any great extent upon the manner in which it is burned. 
Loss and damage, therefore, arising from the gaseous 
products of combustion are a function of the kind and 
quantity of fuel burned. 

2. The extent of loss and damage arising from the 
solids in smoke will, other things being equal, depend 
upon the character of the solids. For example, solids 
in the form of soot and oily distillates of fuel soil and 
deface more quickly than solids in the form of coke or 
ash particles. The former are characteristic of smoke 
from low-temperature fires, such as those of domestic 
service; the latter are characteristic of smoke from high- 
temperature fires, such as those of high-pressure steam 
boilers and steam locomotives. 

An attempt to define the extent of losses regardless of the 
manner in which they arise at once discloses the lack of a definite 
or reliable standard of measure. It can not be assumed, for in- 
stance, that a large city ought to be as clean as a country village, 
nor can any ratio of cleanliness be established. It is obvious 
that the diversified activities of the larger communities are produc- 
tive of a greater degree of street dust and other forms of atmos- 
pheric pollution, as well as of smoke, than those of small towns. 
The large cities are, in most cases, more congested than the small 
ones, and this congestion is in itself productive of a greater degree 
of atmospheric pollution, whether of a preventable or unprevent- 
able nature. In view of the many complex and variable factors 
involved, any attempt to secure a satisfactory estimate of the fi- 
nancial loss occasioned by city smoke must be more elaborately 
organized and conducted than any which has thus far been under- 
taken. 

III. THE CITY OF CHICAGO. 


Since the discussions which follow concern results which are 
applicable to the city of Chicago, some brief description of that 


city must be given. 
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The fact is clearly recognized that the activities of the city 
and of its suburbs so intermingle that the interests of residents 
of city and suburbs are in many respects common. Moreover, 
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smoke in the atmosphere is easily transferred from city to suburb 

; and from suburb to city. Such considerations lead to the inclusion 

f considerable territory which is outside of the city in the com- 
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tee’s Area of Investigation, emphasizing locati f parks and boulevards. 
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mittee’s area of investigation. This area is represented on the 
official maps of the committee (Figs. 1 and 2) as that which lies 
between Lake Michigan and the heavy black boundary line. 


FIG. 2. 
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[he committee’s Area of Investigation, emphasizing 1 f railroads. 


For convenience this area has been divided into two parts, 
Zone A comprehending the area of the city, and Zone B the area 
of outlying territory. Zone A includes 194.4 square miles; 
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Zone B, 233.9 square miles, and the whole Area of Investigation 
(Zones A and B), 428.3 square miles. 

Within this territory 39 different railway companies operate. 
Of this number, 25 maintain passenger and freight service and 
23 are classed as trunk lines, while 14 perform transfer or switch- 
ing service only. Of the trunk lines, 8 have no main tracks within 
the city limits, but operate trains into the Chicago terminals over 
the tracks of other companies. ‘Twelve railroads operate wholly 
within the Area of Investigation. 

The city of Chicago, Zone A, extends north and south a dis- 
tance of 26 miles, and its average width is approximately 8 
miles. It touches on the north the corporate limits of the city of 
l’vanston, and on the south the open prairies bevond Lake Cal- 
umet. Its eastern boundary is Lake Michigan and the IlIlinois- 
Indiana state line. It presents 23.4 miles of shore line on Lake 
Michigan. Its “ loop district,” in which are centralized the city’s 
financial and commercial activities, contains lofty office structures, 
the principal hotels, and the buildings of the city, county, and na- 
tional governments. ‘The location of steam-boiler plants in this 
portion of the city is indicated by Fig. 3 and the chimney flues and 
smoke-stacks of single block by Fig. 4. The city’s manufacturing 
districts include the extensive establishments in South Chicago, 
Pullman, the Union Stock Yards, and the central manufacturing 
district. Its industries engaged in the handling and storing of 
fuel, lumber, and of other building materials, occupy large areas on 
both branches of the Chicago River. Its network of steam rail- 
road yards, its shops and other terminal facilities for the care 
and handling of railroad equipment are well distributed over its 
area (Fig. 2). Within the city are many beautiful parks and 
houlevards ( Fig. 1), and extensive residential districts. 

Zone B, comprising the irregular belt of territory extending 
around the city of Chicago from the lake on the north to the lake 
on the south, is represented on the maps as the area between the 
houndary of the city and the heavy black line bounding the Area 
of Investigation. It presents 12.9 miles of shore line along Lake 
Michigan. It includes most of the city of Evanston, nearly two- 
score suburban villages in Illinois, and the manufacturing cities of 
Hammond, Whiting, and East Chicago in Indiana; it contains also 


as 
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extensive areas of unimproved land. It is traversed by all rail- 
roads entering the city, and is occupied by many large railroad 
yards, such as those at Godfrey, Proviso, Clearing, and Dolton in 
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A typical block in the business district of Chicago in which the actual buildings are assumed 
to giv ay to buildings of factory height and in which the existing smokestacks and chimneys 
are assumed to remain at their present heights. The drawing is an isometric projection. The 
numbers indicate power plant stacks. 


[linois, and those at Gibson and Kirk in Indiana. From the 
standpoint of railroad activity, Zone B is the hinterland of the city. 
Trunk and belt lines make it common ground upon which to inter- 
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change cars entering or leaving Chicago, as well as those destined 
to points beyond. 


IV. FUEL CONSUMPTION IN CHICAGO. 


The purpose of the Chicago committee to determine the neces- 
sity for changing the motive power of steam locomotives to elec- 
tric or other power as a means in smoke abatement led naturally 
to a study of the relative amounts of smoke discharged from dif- 
ferent fuel-consuming services, for obviously, if it were shown 
that a small percentage of the total smoke comes from steam loco- 
motives, the necessity for a change could not be urgent. In the 
development of this phase of the work six services were recog- 
nized, some of which were so subdivided as to give a total of fifteen 
different groups. ‘The six services were as follows: 

1. Steam locomotives. 

2. Steam vessels. 

3. High-pressure steam stationary power and heat- 

ing plants. 

4. Low-pressure steam and other stationary heating 
plants (including all domestic heating ). 

5. Gas and coke plants . 

6. Furnaces for metallurgical, manufacturing, and 
other processes. 

All coal consumed was accounted for under this classification ; 
that is, the sum of coal burned in the several services is the total 
consumption within the Area of Investigation. 

The further procedure involved : 

tr. A determination of coal consumed for each 
service. 

2. A determination for each service of a series of 
‘smoke factors’’ which would represent the amount of 
visible smoke, the solid constituents of smoke, and the 
gaseous products of combustion emitted, per unit weight 


of coal burned. 

3. The combination of the amounts of coal burned in 
each service with the approriate smoke factors in such 
manner as to give a relative measure of the smoke dis- 
charged by each service. 

The fuel consumption for the vear t912 was determined 
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through the cooperation of many different agencies. All common 
arriers (railroads and boat lines) made monthly reports through- 
t the year of their deliveries of revenue coal within the commit- 
tee’s Area of Investigation. While the methods of reporting va- 
ed, most carriers made returns from each point of delivery, with 
he result that many thousands of individual reports were handled 
y the committee. Coal brought in as company freight was de- 
termined as the result of a carefully-conducted investigation. Va- 
riations in the amount of coal in store and the extent to which these 
1ounts were affected by reshipments were taken into account. <A 
ummary of results thus obtained, applicable to the committee's 
\rea of Investigation, is set forth as follows: 


Tons Total 
al and coke delivered by rail as revenue freight ... 17,503,711 
Coal and coke delivered by boat as revenue freight .. 1,700,550 
- 19,270,267 
Coal and coke consumed by steam locomotives in service... 2,555,233 
Coal and coke consumed by steam locomotives at locomo 
tive terminals .... pane Pe abe ieee ; . 260,167 
2,815,400 
| and coke consumed by railroad stationary plants 524,596 
il and coke consumed by steam vessels within the Area 
URINE noc os dwt dacwennneo~ 92,368 
se in amount of fuel in storage .. , 231,041 
2,033,607 
Tit¢ A) 
1 and coke delivered to steam vessels but not con 
sumed within the Area of Investigation ............ 126,556 
Coal and coke reshipped from points within the area to 
points within and points outside the area .......... 800,413 
1 equivalent of the fuel and by-products produced by 
gas and coke plants .. ; = - 797,817 
1,724,786 
Net total ... ‘ : “ 21,208,886 


lhe origin of the coal consumed within the Area of Investiga- 
ion is as follows: 
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Per cent, 


Kind of Fuel Origin Tons of total 
Anthracite Pennsylvania 1,827,158 8.62 
Pocahontas * West Virginia 1,230,787 5.80 
Coke Various states 3.435.753 16.20 
situminous Illinois 9,184,126 46.31 
Bituminous Indiana 3,084,688 14.54 
Bituminous Other states 2,440,374 11.53 
oo rr a ree 21,208,886 100.00 


The consumption of solid fuels for the year 1912 within the 
Area of Investigation by services was as follows: 


[ons 

Steam locomotives ne * ere aXe .... 2,815,400 
Steam vessels ... Bes a Ge ae mo a ae 92,368 
High-pressure stationary power and heating plants.... a .. @Qlay ose 
Low-pressure steam and other stationary heating plants 4,646,910 
AS ANG COME DIATES «os ccecsccaes 5 canara acres arias - 253,867 
Furnaces for metallurgical, manufacturing and other processes .... 4,253,007 

| tal mes . . a% : weed neds ewe . = .. 21,208,886 


[he consumption of solid fuels within the limits of the city of 
Chicago (Zone A) for the year 1912 was as follows: 


Tons 
\nthracite 1,033,002 
Pocahontas : 1,174,742 
COKE .... 3,000, 302 
Bituminous (all services 11,075,477 
To £32.52 


Che consumption of solid tuels within the citv (Zone A) tor 


le year 1912, by services, was as follows: 


ions 
Steam locomotives ‘ 2,099,044 
Steam vessels os Sipe ee rere eee 81,375 
High-pressure stationary power and heating plants ...... cass FetOGT 
low-pressure steam and other stationary heating plants .. a 4,154,746 
iea8 BNO GONE PIMOS 65. siesciewness Peg Pe ee ae 234,551 


Furnaces for metallurgical, manufacturing, and other processes.. 13,696,550 


ble to determine the degree of accuracy attending the use of the 
reports received through different agencies. It is probable that as 
ito any semi-bituminous coa from the West Virginia region. 


not been poss 
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The density of fuel consumption for different district area> 
is set forth by Fig. 5. 
In addition to the solid fuels consumed, it is estimated that 


there were used within the committee's \rea of Investigation dur- 


Fic. 5. 


— 


\ 


Tne Caxcaao Assonation of Cosmmenct 
) (Coeeerret oF IwESTIOATION OF Sere Aber wr 
avo Cuecremcarion oF Ranwar Temmenn 


BAA pws — ot 
} 7 4 , SCALE | 
| ty aaa B-2 Dit Se ee 
tp, ~ 
Pay, 5 Devon Ave iy Shh, \ 
Ldabedadukas Be 4 
a fee Yd i TONS oF FUEL CONSUMEL 
B-3 H AwYy, \\ > Pee SQUARE MILE - YEAR 1912 


Under 3000 


_— 
Ya 

5000 te 10000 } 
10000 te seo0o FF] 


sched § 


“i 
on 


ere " 
Ter tt ttt 
TY LIMITS<* 


fi 


C/ 


ng its statistical year appproximately 3,511,000 barrels of fuel 
il, chiefly in industrial fires. This amount of oil is equivalent to 
[,170,000 tons of coal, or to about 512 per cent. of the city’s annual 

nsumption of solid fuel. The amount of kerosene consumed. 
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chiefly in lighting, amounted to 231,579 barrels, and the amount of 
gasoline and naphtha used, chiefly for automobile engines, 
amounted to something more than a half million barrels. 

These figures serve to disclose the enormous quantities of fuels 
consumed within the Area of Investigation. It is obvious that the 
coal-consuming industry touches the activities of the municipality 
at many different points. The life of the city is, in fact, depen- 
dent upon its preservation. 


V. THE PROPERTIES OF SMOKE. 


Investigations concerning the so-called smoke nuisance have 
hitherto dealt chiefly with smoke as a visible pollution. The Chi- 
cago committee early became convinced that a more general defini- 
tion should be adopted, and for its own purpose it defined smoke 
as the “ gaseous and solid products of combustion, visible and in- 
visible, including, in the case of certain industrial fires, mineral 
and other substances carried into the atmosphere with the products 
of combustion.” 

According to this definition, smoke may be regarded as pos- 
sessing a threefold character, to each aspect of which suitable 
standards of measure may be applied. ‘These are as follows: 


1. Visible properties. 
2. Solid constituents. 
3. Gaseous constituents. 


The committee’s procedure, by which it was sought to evaluate 
the smoke of different services under the three heads given, can 
not here be given, though the fact should be noted that many of 
its methods were original and that its office and field staff to which 
this aspect of the problem was assigned numbered at one time 
nearly 100 men. In the discussion of results which follows nu- 
merical facts will only be given for the city of Chicago (Zone A). 


VI. VISIBLE SMOKE IN CHICAGO. 


The relative standing of different services with reference to 
visible smoke within the limits of the city of Chicago has been set 
forth by the committee, as follows: 
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(The City of Chicago). 


I 149,516 


130,115 


35,153 
10,525 
5 OT 
35,097 
O1,375 
71310,257 
+,154,74 
139,525 


3,696,550 


VISIBLE SMOKE PRODUCED BY EACH SERVICE, 
DETERMINED BY THE RINGELMANN METHOD. 
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The results are of interest from many points of view. They 
show that nearly half of the total visible smoke is made by high- 
pressure steam stationary plants; that such plants and industrial 
fires combined make three-quarters of the total smoke, and that the 
railroads make approximately one-fifth of the total smoke. In 
view of the relative extent of the railroad establishments in Chi- 
cago, it would appear that the percentage of railroad smoke in the 
atmosphere of that city would be at least as great as that in the 
atmosphere of other large American cities. 

Visible smoke arising from the burning of bitunmnous fuels 
is the result of a failure, either in the design of the furnace or in 
its operation, to observe certain conditions which are the necessary 
accompaniments of so-called * smokeless” combustion. These 
conditions may be summarized briefly as follows 

1. The coal must be introduced into the furnace at 
such a point and distributed in such a way that the gases 
distilled from it will be required to pass over or through 
the incandescent portions of the fire. The observance of 
this condition will, in most cases, expose the distillates 
to a temperature sufficiently high to insure their ignition. 
These distillates, if not burned, are prolific sources of 
visible smoke. 

2. The stream of gases from the fuel must be heated 
quickly and kept at a high temperature until the process 
of combustion is well advanced. The presence of a fire- 
brick arch under which the distillates may be burned, and 
the passing of the distillates through the bed of fire, are 
aids in securing this condition. 

3. The avoidance of heat-absorbing surfaces in close 
proximity to the burning distillates, the interposition of 
which tends to cool the gases, to suppress combustion, 
and to pr luce visible smoke. 

4. The admission of air, by which combustion is 
stimulated, should be provided for at proper points and 
should be carefully regulated. 

5. The proportions of the furnace should be such as 
will provide an ample flameway or combustion chamber. 

The observance of this condition is necessary in order 
that the time occupied by the gases in passing through 
the furnace may be sufficient to permit them to burn 


completely. 
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lf all of these conditions are observed, the smoke arising trom 
hres of bituminous coal will be nearly, if not wholly, invisible, but 
there are many practical difficulties to be met by one who seeks 
to observe them; as a consequence, the products of combustion 
issuing from bituminous coal fires are commonly more or less 
visible. 

Che importance of the flameway in relation to visible smoke is 
at once apparent. Fuels burn with different lengths of flame, de- 
pending upon their composition. For example, coke and anthra- 
cite coal, the principal combustible element of which is carbon, 
burn with a very short flame. The whole process of combustion 
takes place at or near the surface of the fuel. Such fuels can be 
burned without developing visible smoke, even though the flame- 
way may be short and otherwise restricted. 

The bituminous coals of Pennsylvania and Ohio are relatively 
lower in carbon and higher in volatile matter than coke or an- 
thracite coal, and the volume of gases distilled from them is 
greater. The process of intermixing and combining the com- 
bustible gases thus distilled with the air necessary to their com- 
bustion takes an appreciable period of time; hence the flame is com- 
paratively long and the furnace must be such as to supply room in 
which combustion may proceed. 

The bituminous coals of Illinois are higher in volatile matter 
than are the bituminous coals of Pennsylvania and Ohio, hence 
they require a still longer flameway. 

The temperature of the flameway is also important in its re- 
ation to visible smoke. It is because of low temperatures that 
he bituminous coal fires of stoves and small furnaces, receiving 
attention at infrequent intervals, are sometimes prolific sources 
f visible smoke. .\ large mass of Illinois coal placed upon the 
surface of a fire at once lowers the furnace temperature to such a 
degree that the distillates which come from the fresh coal pass off 
without igniting. Progress in the art is steadily finding new 
means, by the application of which a satisfactory temperature even 
»f a small fire may be maintained. In the development of such 
means the brick arch has had an important part. 

Furnace draft is important in its relation to visible smoke. 
Draft is the governor controlling the rate of combustion. If the 
lraft is weak, the rate of combustion will be low and the tempera- 


ture of the fire may be lower than that which is necessary for the 
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suppression of visible smoke. A strong draft also stimulates the 
activity of the intermixing currents in the furnace and so aids 
combustion. Strong drafts normally imply high rates of combus- 
tion and high furnace temperatures, so that, in general, it may be 
said that the abatement of visible smoke is promoted by increas- 
ing the draft of the furnace. Here again the solution of the prob- 
lem is comparatively easy in its application to large fires and ex- 
tremely difficult in its application to small fires. 

Air supply is important in its relation to visible smoke.  Per- 
fect combustion implies that all of the carbon in the fuel shall 
have an opportunity to combine with oxygen. ‘The oxygen needed 
for this purpose is supplied by the air which is borne into the fur- 
nace by the action of the draft. li the supply of air is deficient, 
the burning process will be incomplete and visible smoke will re- 
sult. ‘To avoid such an occurrence, it is customary to provide for 
a larger supply of air than is needed to support combustion, and, 
under some conditions, the excess supply is very large. While it 
sometimes happens that an excessive supply of air tends to lower 
the temperature of the fire, to cool the flameway, and, under cer- 
tain conditions, to increase the visible smoke, the fact remains 
that up to a certain limit, which may vary with the construction 
of the furnace, increasing the air supply aids in reducing the visible 
smoke. 

No one thing has been more potent in contributing to the elimi- 
nation of visible smoke than the advent of mechanical stokers and 
other forms of automatic furnaces. These devices represent 
results achieved in the development of furnace design to meet the 
requirements of theoretical conditions. Their introduction im- 
plies not only automatic feeding, but the acceptance of other con- 
ditions essential in the elimination of visible smoke. Mechanical 
stokers provide for the progressive movement of the fuel into the 
furnace; they generally provide for an ample flameway and a 
brick arch under which the initial combustion may proceed. They 
are rarely installed except where satisfactory draft conditions are 
assured; as a consequence, it is commonly assumed that the 
mechanical stoker or hopper-fed furnace is a smoke-abating device, 
and in general this assumption is justified. This statement does 
not imply that mechanical stokers or other devices for automatic 
stoking will in themselves suffice to make smoke invisible. It is 
only when they are properly operated that they can be depended 


upon to give satisfactory results. 
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The investigations of the Chicago committee are impressive 
the testimony they yield as to the value of care in firing as a 
means of reducing visible smoke. ‘This statement applies, what- 
ever may be the form of furnace used or apparatus employed. 
Careless hand-firing results in large volumes of visible smoke; 
careful, frequent, and progressive hand-firing results in the elimi- 
nation of most of this smoke. The careless manipulation of the 
automatic stoker may result in the production of visible smoke; 
its careful handling will suffice to eliminate most of this smoke. 
\ comparison of the smoke arising from any coal-consuming ser- 
vice, as maintained within the city limits of Chicago where its 
yperation is subject to municipal inspection, with that arising from 
the same class of service outside the city where no restrictions are 
imposed, will disclose a lower density of smoke within the city 
than outside. ‘That is, where it is necessary to reduce the visible 
smoke, the attention needed to secure such a result is given; where 
it is not necessary, the effect of neglect is to be seen in the result. 
Smoke abatement is often an indirect means of effecting econ- 
my. While the constituents of smoke which impart visibility to 
it represent a relatively small amount of heat, and while, as a con- 
sequence, no great saving can be directly effected through the sup- 
pression of visible smoke, it is nevertheless true that the process 
of smoke suppression may open channels through which important 
benefits may accrue. For example, the suppression of smoke im- 
plies the substitution of good for poor fire-room practice. If the 
fire-room is large, smoke abatement implies the use, the proper 
maintenance, and the skilful manipulation of automatic firing de- 
vices. If the fire-room is small, it implies the exercise of superior 
skill and intelligence on the part of the fireman. In general, smoke 
suppression involves a reorganization of fire-room administration 
and methods, and a reorganization stimulated for the purpose of 
reducing smoke opens the way to other reforms, the net effect 
)f which may constitute a material saving in the operation of the 
plant. 
VII. THE SOLID CONSTITUENTS OF CHICAGO SMOKE. 
The contributions of the different fuel-consuming services to 
the solid elements of atmospheric pollution for the city of Chicago 
have been set forth by the committee as follows: 
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AMOUNT OF SOLIDS EMITTED IN SMOKE FROM EACH SERVICE AND RELATIVE 
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will be seen that the greatest contributors to this form of 
spheric pollution are the industrial fires ; that stationary boiler 


ts are relatively large contributors, and that steam locomotives 


tribute a relative small percentage of the total. 
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The polluting effects of the solid constituents of smoke are de- 
pendent to some extent upon their chemical composition. The 
presence of hydrocarbons is generally more objectionable than the 
presence of mineral matter or unconsumed carbon. Hydrocarbons 
constitute a large proportion of the distillates of coal. They 
appear in the atmosphere in the form of soot, which readily soils 
and blackens. Soot is easily transported by air currents. Any 
service, therefore, the smoke of which is high in hydrocarbons 
constitutes a more objectionable source of atmospheric pollution 
than a service the smoke of which is low in such distillates. 

Not all of the solids in smoke are of fuel origin, though, for 
purposes thus far set forth, it is assumed that solids passing out of 
chimneys with the products of combustion may be regarded as 
solid constituents of smoke. Since the investigation was for the 
purpose of determining the relative contributions of different fuel- 
consuming services to the total quantity of dust in the atmosphere, 
this assumption is not misleading, and it has the advantage of sup- 
plying a definite basis upon which conclusions may be established. 
[ts effect, however, has been to emphasize the importance of cer- 
tain metallurgical and other industrial fires which send out with the 
products of combustion a heavy lading of metallic or mineral dust. 
Fires which are sustained by coke and by fuel gas, as well as those 
which are sustained by coal, may, upon this basis, be prolific pro- 
ducers of dust. 

The amount and character of the solid constituents of smoke, 
so far as they are of fuel origin, are functions of furnace condi- 
tions. The path of the solids is that which is followed by the cur- 
rents of air and gases; these currents enter the furnace through 
the bed of fire, and, passing along the flameway, enter by what- 
soever channel may be provided into the smokestack, from which 
they pass on tothe atmosphere. A weak draft, such as that which 
normally prevails in connection with domestic fires, implies fine 
dust particles and soot flakes only in the smoke, whereas a strong 
draft, such as that which commonly prevails in boiler plants served 
by lofty chimneys and in steam locomotives, implies the discharge 
of solid particles of considerable size. 

Changes'in the rate of combustion produce changes in the 
temperature of the fire and in the character of the solids in smoke. 
Low draft values imply low rates of combustion, low furnace 
temperatures, and solids in smoke consisting largely of particles 
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condensed from distillates driven out of the freshly-applied fuels 
uile in the process of being heated to the point of ignition. The 
solids include also very fine particles originating in the fuel and 
ts ash which are sufficiently light to be borne away upon the cur- 
rent of the feeble draft. It is an interesting fact, as disclosed by 
ie results of the committee’s investigations, that, while the in- 
vidual particles discharged from fires of low temperature may 
small, the percentage of the coal burned which is represented by 
‘ hydrocarbons and soot passing off with the smoke is relatively 


It is because of this high percentage of hydrocarbons that 


1 
t 
i 


the solid constituents of smoke emitted from fires of low tem- 
perature constitute an important factor in the total pollution of the 
sphere of a city. 
High rates of combustion imply high furnace temperatures and 
smoke low in hydrocarbons and relatively free from soot. Solids 
rom such fires include particles of partially-consumed fuel which, 
in the processes of the furnace, are exposed to the action of a draft 
) strong to permit them to retain their place on the fire-bed. 
hey include portions of fine ash which are readily caught up and 
arried away, also spherical slag particles picked up from the fire- 
ed in a liquid state and solidified as they pass on their course into 
the atmosphere. The solid constituents of Illinois coal, when 
his coal is consumed in fires of high temperatures, yield a con- 
iderable percentage of these spherical slag particles, varying 
ize from those which are microscopic to others approaching 
ne-eighth of an inch in diameter. All such particles have a honey- 
mb structure and, when crushed under foot or by traffic in the 
reets, yield a fine powder which is easily borne away upon the 
nd 
\n important fact clearly defined by the investigations of the 
mmittee, the significance of which has not before been gen- 
erally appreciated, concerns the omnipresence of solids in smoke 


scharges. As shown in the preceding sections, the quantity and 
character of the solids in smoke may vary greatly, but smoke aris- 
ing from solid fuels is never free from such solids. Again, the 


uint of solids discharged has no direct relation to visibility 
stack may appear smokeless to the eye and yet be the source of a 
vy discharge of fuel dust. The adoption of anthracite coa 
f coke as a fuel will serve to make stack discharges invisible, 


1 


ill not eliminate the dust discharge 
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VIII. GASEOUS CONSTITUENTS OF SMOKE IN CHICAGO. 

The limited significance which can be assigned to the facts 
inakes it unnecessary to present in this connection a detailed state- 
ment of the gaseous products of combustion discharged by dif- 
ferent fuel-consuming services. 

Notwithstanding the large volume of gaseous products of com- 
bustion which are emitted into the atmosphere of a city, little trace 
of them is disclosed by a chemical analysis of the atmosphere. 
lhe explanation is, of course, to be found in the fact that, while 
the volume of the polluting discharge is great, that of the atmos- 
phere is vast, and its power to absorb and diffuse the streams of 
pollution which enter it, great. The following illustration will 
prove serviceable in increasing one’s understanding of this aspect 
of the matter. 

The total volume of air-diluted gases discharged each day from 
the stacks of Chicago amounts approximately to 47,000,000,000 


cubic feet. The average wind velocity recorded in the city during 
the year 1912 was 13 miles an hour. ‘The area of the city is 194 


square miles. Assuming that the diluted gaseous products of 
combustion rise uniformly over this area as from an orifice and are 
borne away in a horizontal film by the wind, the thickness of the 
film at any given time would be approximately one-third of an inch. 
But the smoke discharges making up this film are air diluted; if 
the air is extracted the thickness of the film would be reduced by 
75 per cent.; that is, the film of the gaseous products of combus- 
tion becomes approximately eight one-hundredths of an inch in 
thickness. It will, of course, be understood that no such film ac- 
tually exists, since the diffusion of the products of combustion 
into the atmosphere begins as soon as they are discharged; but 
the capacity of the atmosphere to absorb these gases can be better 
comprehended when one considers that its duty is that of con- 
tinuously absorbing through diffusion a horizontal film of the 
gaseous products of combustion less than one-tenth of an inch in 
thickness. 
IX. ALLIES OF SMOKE IN ATMOSPHERIC POLLUTION. 


Thus far in the discussion of atmospheric pollution attention 
has been given only to smoke, but not all that pollutes the atmos- 
phere is of fuel origin. Dust from many sources mingles with 
that of smoke to make up the sum-total of the dust content of 


Chicago's atmosphere. 
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all the fires of a city were stopped, dust and dirt would re- 

n in its atmosphere. When the atmosphere is dry and the 

ind velocity high, the air is filled with dust particles. This mani- 

ation is not confined to the streets, for dust finds its way inty 
dings from which it must be removed by cleaning processes. 

mospheric pollution can not be reduced to a minimum 

‘ough attention to smoke abatement alone. [In order to accom- 


lish its reduction, attention must be given to all of those processes 


activities of the city which give rise to dust or which deal 
the collection and disposal of city dirt and waste. 
he amount of city dust is a function of efficiency in city sani- 
lt depends upon standards of cleanliness observed in the 
ntenance of streets and alleys and upon methods employed in 
ng them. It is important, therefore, in considering means 
be emploved in reducing the atmospheric pollution of the city, 
give due attention, not only to smoke, but to all other sources 
m which city dust arises 
mine of the primary sources of atmospheric dust are bare- 
nd areas, including unimproved streets and alleys, fuel 
id building materials stored and in transit, building opera- 
street construction and repairs, the abrasion of streets and 
uks under traffic, and back-yard and roof accumulations 
ictivities. Secondary sources appear in conditions which 
dust, once settled from the atmosphere, to be redistributed 
wind, 
X. ATMOSPHERIC POLLUTION AS DISCLOSED BY A STUDY OF THE 
ATMOSPHERE. 
iralleling its studies of fuel consumption and of smoke dis- 
rges, the Chicago committee undertook : 
1. A study of the meteorological conditions in Chi- 
ago and in other cities, that the relation between me- 
teorological conditions and atmospheric pollution might 
be shown. 
2. A study of the atmosphere of cities as disclosed 
hy a review of scientific literature bearing upon the 
subject. 
3. An extensive examination of the atmosphere of 
Chicago involving filtration tests and chemical analyses 
‘f air samples drawn from many different parts of the 


\rea of Investigation. 
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The filtration tests and analyses of air were made by means 
of a portable laboratory mounted upon a suitable motor truck, 
the equipment of which was so arranged that the laboratory 
might take up any predetermined location from which it could 
draw samples of atmospheric air continuously for a period of 
several hours’ duration. This laboratory was kept in operation 
for a full year. 

The results obtained from the study of the atmosphere jus- 
tify certain general conclusions, some of which are as follows: 

1. Wind movement has the effect of dissipating the 
polluting constituents of the atmosphere and of render- 
ing them less objectionable. The extent to which prod- 
ucts of combustion are effective in polluting the atmos- 
phere may be said to vary inversely as the velocity of the 
wind. 

2. Temperature as a factor in atmospheric pollution is 
of indirect importance only; it exerts an influence upon 
other atmospheric conditions, such as wind and humidity, 
which are factors of great importance. ‘This relation- 
ship between temperature and other conditions is, how- 
ever, complex. 

3. High relative humidity serves directly to intensify 
the effects of atmospheric pollution, in that it promotes 
the formation of fogs or mists which hold the products 
of combustion in the atmospheric strata near the earth. 

4. Precipitation is an effective purifier of the at- 
mosphere. It operates to wash out a large portion of 
the polluting substance suspended in the air. 

5. Sunshine, as affected by atmospheric pollution, 
serves as an indirect measure of the extent of the pollu- 
tion. 

6. In general, the combination of meteorological con- 
ditions which tends to intensify the effects of polluting 
substances in the air includes low wind velocity, com- 
paratively low temperature, high relative humidity, and 
absence of sunshine. 

Chicago’s weather conditions, in their relation to the 


4° 


maintenance of a pure and wholesome state of the atmos- 
phere, are far superior to those of most other cities of 
the United States and Europe. 
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8. In general, those polluting constituents of the at- 
mosphere which are regarded as being most objection- 
able consist largely of solid particles which serve to soil 
or injure buildings and materials of every sort. These 
constituents have their origin largely in the combustion 
of fuel, and appear in the form of distillates of coal, un- 
consumed carbonaceous material, or ash. Ash in the at- 
mosphere is practically devoid of color, and its presence 
is not readily identified. It is not as detrimental or ap- 
parent in its effect upon material objects as are the sooty 
or carbonaceous materials. 

g. The quantity of solid materials in the atmos- 
phere of Chicago varies from 0.321 to 1.958 milli- 
grammes per cubic metre. Values of record for other 
cities are not numerous. 

10. The solid materials or particles present in the at- 
mosphere of Chicago include not only solid products of 
combustion, but also mineral, vegetable, and animal dé- 
bris. The evidence based upon atmospheric analyses is 
to the effect that all sources of dust contribute to the pol- 
lution of the atmosphere. 

11. The content of carbon dioxide in the atmosphere 
of cities, as disclosed by the reports of many investiga- 
tions, does not appear to vary materially. The values 
determined for this substance, from samples taken of 
Chicago’s atmosphere, correspond very closely to those 
reported for other cities. 

13. Carbon monoxide, while in itself a poisonous 
gas, does not ordinarily constitute an important element 
in atmospheric pollution. No determinations of this gas 
were made in connection with the air analyses in Chicago. 
Values resulting from tests conducted in Paris and in 
Berlin indicate its presence only in minute quantities. 

13. The ammonia content of the atmosphere of Chi- 
cago is small. The values reported for other cities are 
many times greater than those for Chicago. 

14. Chlorine is not present in the atmosphere of Chi- 
cago in sufficient quantities to have any significance ex- 
cept as an indication of local conditions. 

5. The gaseous compounds of sulphur are products 
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of combustion, and in the atmosphere of Chicago they 
vary from a minimum of 0.217 to a maximum of 1.104 
milligrammes per cubic metre. The values reported for 
other cities, so far as obtainable, are generally higher. 

16. Sulphur compounds, which eventually are con- 
verted into sulphuric acid, are, from the standpoint ot 
atmospheric pollution, the most objectionable gaseous 
products of combustion. Sulphuric acid tends to exert 
an important influence in the disintegration of building 
materials of all kinds, and produces deleterious effects 
upon furnishings, clothing, and merchandise. 

17. With reference to the geographical distribution 
of polluting substances in Chicago's atmosphere, it may 
be stated conclusively that the pollution is greatest in 
those localities where the greatest industrial activities 
prevail. ‘The atmosphere in the loop district and in the 
neighborhood of railroad terminals is more seriously 
polluted than that of outlying districts. 

18. The polluting constituents of the atmosphere 
have their origin in many kinds of industrial activity 
Of the solid elements of pollution in the atmosphere of 
Chicago, not more than two-thirds of the total is of fuel 
Tigin. 


XI. ELECTRIFICATION AS A MEANS IN SMOKE ABATEMENT. 


It has been proposed to require the electrification of the steam 


railway terminals of Chicago as a means of smoke abatement. 


Che results, to which reference has already been made, supply 
basis from which to estimate the effects which would be pro- 


duced by such a change. ‘The proposal brings into prominence 
three important factors which enter into such a problem. They 


are as follows: 


1. Lhe smoke discharges from the steam locomotive 
constitute a definite source of atmospheric pollution 
The fundamental factor is that of determining the per- 
centage of the total smoke of Chicago which is con- 
tributed by the steam locomotive. 

2. The electric operation of Chicago’s railroad ter- 
minals must depend upon the existence and operation 
of steam-driven electric generating stations. Such sta- 
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tions must burn coal, and this will give rise to smoke. 
The complete elimination of the steam locomotive, there- 
fore, while serving to free the atmosphere of Chicago 
from all locomotive smoke, must lead to the introduc- 
tion of new sources of smoke in the form of power 
stations. ‘The benefits in smoke abatement lie in the dif- 
ference between the amount of smoke made by steam 
locomotives and that which will be made by the electric 
power stations. 

3. Smoke is not the only polluting constituent ot 
Chicago's atmosphere. Since atmospheric dirt arises 
from other sources, a given reduction in the amount otf 
smoke will not produce an equal reduction in the amount 
it atmospheric dirt. If all the smoke of Chicago were 
eliminated, there would still be dirt in Chicago's atmos- 
phere. 

With this understanding of the general problem, it will be 
interest to note that the facts which were developed by the 
Chicago committee permitted a quantitative measure of the sev- 
ral effects considered to be set forth. It is not claimed that these 
re directly applicable to the conditions of other cities, but they 

not without significance in such a relation. The committee's 
mclusions as to the benefits to be secured through electrification 

be summarized as fol 

1. Lhe amount of visible smoke discharged int 
atmosphere of Chicago will be reduced by not more than 
20 per cent. 

2. The amount of solid constituents of smoke (soo 
ash, and fuel particles) discharged into the atmosphere 
of Chicago will be reduced by not more than 5 per cent. 

3. The amount of dust and dirt arising from all 
sources in the atmosphere of Chicago will be reduced 
by not more than 4 per cent. 

4. The volume of gaseous products of combustion 
discharged into the atmosphere of Chicago will be re- 
duced by not more than 5 per cent. 

It is upon the basis of these facts that the merit of any pro- 
osal involving complete electrification as a means in smoke abate- 
ment must be considered. In the further consideration of this 
atter the Chicago committee has discussed at length such 
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questions as the technical feasibility of electrification, the cost 
and the financial practicability of such a change, with conclu- 
sions which need not be herein set forth. 

Obviously the electrification of railway terminals can serve 
to reduce or to eliminate the smoke from a single fuel-consuming 
service. The reduction of smoke from other services, especially 
from boiler plants, manufacturing industries, and domestic fires, 
is a matter of first importance. Various means, such as the 
more extensive use of gas fuel, smoke washing, and the precipi- 
tation of smoke by electrical means, now have limited use and 
are being suggested for wider application. The detailed dis- 
cussion of these aspects of the general problem does not come 
within the province of this paper. 

XII. SIGNIFICANT FACTORS IN THE PROBLEM OF SMOKE ABATEMENT. 

The work of the Chicago committee shows clearly certain facts 
which will not fail to interest other communities. 

Among the factors in the problem, the significance of which 
has not commonly been recognized, are six which are worthy of 
especial emphasis in this connection. The first concerns the num- 
ber and diverse character of the sources of smoke. It can not 
longer be urged that this or that particular interest produces the 
smoke of Chicago; all interests contribute to it. The business 
man can no longer attach blame to the apartment-house owner, 
nor the apartment-house owner to the railroad, nor the rail- 
toad to the manufacturer, for all are joint contributors to the 
sum-total of Chicago’s smoke. As joint contributors they are 
jointly responsible for the resulting atmospheric pollution. The 
problem of smoke abatement, as disclosed by the investigations 
of the committee, can not be effectually dealt with by giving at- 
fention to a single segregated interest; it is one in which every 
interest must be given attention. It is the problem of the whole 
city 

A second significant fact disclosed by the researches of the 
committee is that which emphasizes the relatively great import- 
ance of the solid constituents of smoke. Hitherto most discus- 
sions concerning smoke, and practically all measures designed to 
show the extent of atmospheric pollution resulting from it, have 
dealt only with its cloud effects. It now appears that the cloud 
effects produced by smoke are of secondary importance as com- 
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pared with effects produced by the soot and dust of smoke. The 
problem of smoke abatement, therefore, as viewed in the light 


‘f the committee’s disclosure, is not entirely or largely a prob- 


lem of suppressing visible smoke, but is one of suppressing the 
shower of dust and cinders constantly falling from a smoke- 
polluted atmosphere. 


The third important fact disclosed by the committee’s re- 


searches is to the effect that atmospheric pollution is not entirely 
the result of soot and dust in their initial descent to the exposed 
surfaces of the city, but that such material is subject to secondary 


flights which persist until some exceptional cleansing process 


entually eliminates them. Moreover, the sum-total of atmos- 


nheric dirt includes, with the solids of combustion, considerable 


ounts of dust arising from many activities incident to the life 
f the city. The problem, therefore, of reducing to a minimum 
he sum-total of atmospheric dirt is not entirely a problem in smoke 


abatement, but, to a considerable extent, a problem concerning mu- 


cipal cleanliness; it must deal with the solid constituents of 

oke and with every source from which these arise; it must also 

leal with all accumulations of dirt in a manner which will promote 
cleanliness of the city. 

The fourth significant fact is to be found in the obvious ten- 
lency of all sources of atmospheric pollution to increase. The 
uel-consuming industries of the city are expanding; the traffic 

the city streets is increasing, and the amount of merchandise 
ndled in and out of the city is growing year by year. Improve- 
ents in the methods of burning fuel or of city cleaning imply 

improvement in atmospheric conditions only in a relative sense. 
he elimination of an entire fuel-consuming service would reduce 


the amount of pollution entering the atmosphere at the time of its 


mplishment, but would constitute no guarantee that the sum- 
tal of atmospheric pollution might not increase subsequently 
even greater amounts. Improvement in service may, there- 


fore, result only in checking an undesirable growth. This fact 


nphasizes the importance of giving attention to every means 
vhich can be relied upon to reduce the production of polluting 
gencies at their source. 

The fifth fact to be emphasized i is to the effect that a revolu- 


tion in practice which will result in the elimination of existing 


urces of atmospheric pollution is not to be expected: first, be- 
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cause present-day knowledge 1s insufficient to supply the necessary 
means; and, second, because the immediate application to all 
sources of pollution, even of such means as are now available, 1s 
mechanically and financially impracticable. However urgent the 
need, progress in satisfying it must be gradual; it must be evolu- 
tionary. Chicago is not peculiar among the cities of the world in 
the possession of this problem. Every great centre of population 
is confronted with it. Its intrusion is part of the price which is 
paid for the privilege of maintaining the activities and the con- 
centration of population which characterize the modern city. 

Wherever fuel is burned certain effects appear. These may 
take the form of visible smoke or of tar or dust emissions, and 
they must always appear in the form of gaseous products of 
combustion. As a consequence, objections to smoke are valid 
only in so far as they may be based upon conditions which are 
avoidable, and ill-advised restrictions against the use of fuel are 
not only unreasonable, but harmful to the larger and better in- 
terests of the community. It is for this reason that the problem 
of smoke abatement can not be solved by any simple campaign 
for the enforcement of restrictions. It is a question which, in all 
its aspects, is of the highest importance to the welfare of the city. 
[t is a scientific question. It can not safely be answered until many 
local conditions have been studied and defined. It is a living 
question, since it assumes new aspects as the state of the art 
develops 

Finally, it should be obvious that the detailed development 
of this problem by any city must concern itself with all of the dif- 
ferent manifestations of smoke as presented by every different 
service. This is the sixth significant fact. The real problem in 
smoke abatement is, in fact, not one of legislation or of inspection, 
but one of bringing together an enlarged fabric of facts concern- 
ing possibilities in the proper utilization of fuel by which legisla- 
tion and inspection may be safely guided. 

That this need may be met in Chicago, the Committee of In- 
vestigation has recommended the appointment of a permanent 
Pure Air Commission which shall be supported by liberal appro- 
priations, which shall be active in the development of scientific 
research, and which shall have authority in many matters touching 


the industrial, commercial, and municipal activities of the city. 


THE TURPENTINE INDUSTRY IN THE SOUTHERN 
STATES.* 


BY 


CHARLES H. HERTY, Ph.D., 


A RAILWAY trip through the coastal plain of the South Atlan- 
and Gulf States, from North Carolina to Texas, shows on 
every side fallen and charred remnants of trees, stumps in- 
numerable, and occasional huge piles of sawdust. It is a des- 
olate scene in those sections where agriculture has not yet been 
developed. It represents the destructive path of the naval-stores 
ndustry, followed more or less closely by that of lumbering, 
through that rich, natural heritage of long-leat pine forests 
which originally covered completely this entire portion of the 
untry. 
from these forests the world has received its chief supply 
spirits of turpentine and rosin, averaging in value in recent 
irs some forty or fifty million dollars annually. Yet in the 
duction of this great crop only a very few have received tor 


their toil more than a bare livelihood. ‘The great mass of the 


turpentine operators have toiled throughout the years in rugged 
earnestness, in robust health from the out-of-door life in the 
ne forests,—but always on the outer edge of developing civili- 
ation, with few of the comforts and conveniences of life, 1n- 
different to the utter lack of efficient business methods in their 
perations, and strongly wedded to woods practices which have 
been handed down from generation to generation as they steadily 
ved from North Carolina toward Texas 
If the traveller, however, should leave the main lines of travel 
l‘lorida or the more westerly states, and by tram or team reach 
me of the more remote sections, he would find beautiful vir- 
forests of this same long-leaf pine, the rich brown trunks of 
* Presented at a joint meeting of the Section of Physics and Chemistry 


the Institute and the Philadelphia Section, American Chemical Society, 
Thursd November 4 TS. 
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the trees, free from low-lying limbs, bearing aloft rich crowns of 
green, and firmly rooted below in a soft carpet of the same hue, 
formed by the “ wire grass’’ which abounds throughout this ter- 
ritory. 

Will the operator, in the exploitation of these remaining 
forests, profit by the demonstrated inefficiency of past methods ¢ 
Can he change his attitude of thought toward the living tree on 
which his operations are based? Is he willing to place himself 
in line with all other lines of modern industrial life, which have 
realized, or are beginning to realize, that true progress in any in- 
dustry must be based, not upon individual opinion or hereditary 
teachings, but upon scientific research and constant striving for 
greater efficiency f 

Upon the answer to these questions depends largely the future 
of the naval-stores industry. ‘This is not a matter for indefinite 
proceeding along inefficient lines: the actual life of the industry 
is threatened, for the once-considered inexhaustible forests are 
rapidly disappearing. At the present rate of destruction the end 
can be fairly well forecasted, especially since no effort is being 
made toward reforestation. 

It was natural that destructive methods should have char- 
acterized this industry, for the early settlers in eastern North 
Carolina found forests of long-leaf pine everywhere. Clear- 
ance was necessary for agriculture, crops had to be grown, lum- 
ber was needed for industry, homes had to be built, and so the 
work of destruction began. 

It was immediately recognized that this tree, when wounded, 
is a prolific producer of an oleoresin, “crude turpentine.” Fur- 
thermore, the rich resinous wood, when heated out of contact 
with air by piling in heaps and covering with earth, gave off a 
rich distillate of tar, which could be boiled down to a pitch 
These products, tar and pitch, were much needed for the wooden 
ships with their extensive rigging, at that time universally in use; 
and so along with agriculture, with its yearly crops, there de- 
veloped the naval-stores industry with its constant output of im- 
mediately marketable products. 

The method of conducting the industry called for no plant 
other than the forests, and so when the yield of the trees began 
to decrease after two years of operation, new tracts were opened, 
and the industry began its march southward, from North Carolina 
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nto South Carolina, thence into Georgia and Florida, and then 
rapidly expanding into the Gulf States, though on a smaller scale. 

In the early days in North Carolina no effort was made to 
separate the crude turpentine by distillation into its constituents, 
spirits of turpentine and rosin, the gum being shipped to North- 
ern cities or to England for such manufacture. In the early 
rt of the past century, however, this manufacture was trans- 
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Timber blown down. Results of severe boxing followed by fire. 


erred to the woods, iron stills being at first employed, which 
later were replaced by the more efficient copper stills such as are 
used to-day for this purpose. 
In the woods, however, there was no corresponding advance 
methods of operation, with the exception of slight improve- 
ment in the tools employed. Thus for more than a hundred 
ears the method of wounding the tree and collecting the gum 
remained the same throughout the turpentine belt. 
The normal routine on all turpentine farms consisted of the 


lowing operations: 
‘“ Boxing.’’—In the winter negro laborers, under the direction 
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of a white woodsman, cut “ boxes.”” The box was an elliptical 
cavity cut in the base of the tree, usually just above the junction 
of a prominent root with the trunk of the tree. It served to 
collect the gum which flowed during the warmer months from 
the scarified surface above. The tool used in cutting this box 
was a very long, narrow axe, the negroes developing consum- 
mate skill in the use of this “box axe.” The standard dimen- 
sions of the box were 14 inches width, 7 inches depth, and 3% 


wind. Result of severe boxing 


inches from the outer wood toward the centre of the tree. The 
number of boxes per tree was increased from one to four, and 
occasionally five, according to increasing diameter of the trees. 

* Cornering. '—Box cutting was tollowed by “ cornering.” 
This consisted of removing two triangular chips from immedi- 
ately above the box by means of the usual wood-chopping axe 
The function of cornering was to provide smooth surfaces to 
direct the flow of the gum into the box. 

‘* Chipping.’—As vegetation became active in early spring 
the work of scarification of the trunk of the tree began, and con- 
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tinued weekly for eight months. The repetition of this proces 
was necessary, as the flow of gum, greatest during the first three 
days following the fresh chipping, practically ceased after one 


Round or untapped timber. Long-] 


eek. The tool employed in chipping, called a “hack,” was a 
uit U-shaped steel blade attached by a metal shank to one end 
a round wooden handle. ‘This handle carried on its other 

nda heavy iron weight which gave momentum to the free arm 
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stroke used to draw the blade through the bark and outer sap- 
wood. A slightly modified form of this tool, called the “ puller,” 
was mounted on a much larger handle, with no iron weight at- 
tached, and was used for the higher reaches of the third and 
fourth year of scarification. 

‘* Dipping.” —At periods of four to five weeks, when, in the 
judgment of the woodsman, the boxes showed an average filling, 
the gum was removed into buckets by a broad, flat, spear-shaped 
tool, called a “dip spoon.’ Barrels placed at convenient dis- 
tances in the woods received the gum from the buckets, and were 
then hauled to the “ still”? for distillation. 

‘ Scraping.”’—As the chipping season progressed not all of 
the gum found its way to the box, for as crystallization of the 
gum began some of this mass remained sticking to the exposed 
surface of the tree. At the close of the chipping season this 
accumulated resinous mass was scraped from the trees, giving 
thus the name, “scrape,” to the product. Its content of spirits 
of turpentine was much lower than that of the gum from the 
boxes. 

 Raking.”—W ith the completion of the scraping, the final 
operation was the protection of the trees from the ground fires 
which prevail throughout the turpentine belt in late winter when 
the dead wire grass is burned. Such protection, “ raking,”’ was 
effected by means of a common hoe, all combustible material, 
chips, pine needles, and dead grass, being removed to a distance 
of about two feet from the base of the tree. 

This completed the year’s operations in the woods, and the 
cycle was then renewed from year to year. 

The severe strictures on the wastefulness of the industry 
spoken by the German technologist, Otto N. Witt, led to the de- 
termination on the part of the writer to investigate whether 
or no this criticism was deserved. Correspondence with men 
familiar with the industry, and a brief visit to a turpentine farm 
in South Georgia, afforded ample proof that conditions were 
even worse than had been depicted. 

With such waste prevalent, could not something be done to 
improve the situation? Here the methods of work learned 
through research in a chemical laboratory asserted themselves. 
A search of the literature was begun and made as comprehen- 
sive as possible. The result of this study and of observations 
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the woods made clear the fact that the great evil of this in- 
istry, that which more than all else was responsible for the 
iste and destruction, was the cutting of the “box” in the base 
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Cutting the ‘“‘box.’’ Near Ocilla, Ga. 


the tree. This deep cavity, located just where the strain 
was greatest, caused many of the trees to fall in even slight wind- 
storms. It constituted a great source of danger during fires, 
especially after turpentine operations had ceased and the tree 
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no longer was protected by the annual “ raking.’’ The decreased 
vitality of the tree, due to the severe wound, led in many cases 
to easy attack by injurious insects. Such evils were easily no- 
ticeable, but others, less readily seen, were found upon closer 
study. With a receptacle at a fixed point, while the distance be- 
tween the receptacle and the freshly-chipped surface increased 
regularly from week to week, opportunity was thus afforded for 
increasing loss of the volatile oil by evaporation, for coloration 
of the rosin by absorption of oxygen from the air under the in- 
fluence of sunlight, and for waste in dripping outside the box. 
It seemed reasonable, moreover, that this severe wound would 
so decrease the vitality of the tree as to cripple, at least to some 
extent, the ‘power of the tree to produce crude turpentine. The 
“ box,”’ therefore, should be the primary point of attack in any 
effort to conserve these forests. 

To overcome the evils of the “* box,” a substitute receptacle 
must be provided which should inflict but a slight wound in 
placement on the tree; should be capable of removal at con- 
venient intervals to a point just below the chipping surface; 
should be extremely simple in its construction, in view of the 
gummy character of the product it was to receive; easy of oper- 
ation, because of the unskilled labor which would use it; and 
cheap, if hopes were to be entertained of its commercial intro- 
duction by those who were abundantly satisfied with existing 
methods and fully convinced that no better could be found—an 
unfortunate state of mind in these days of progress. 

The literature of the French system of turpentining was 
then studied, and the records of the Patent Office were thoroughly 
searched. Nothing, however, was found quite free from ob- 
jections to its ability to meet the above requirements, especially 
as applied to the system of chipping as practised in the Southern 
States. In the light gained from this study, however, a substi- 
tute was devised, consisting of a simple cup suspended, through 
a hole near its rim, on a common nail. Into this cup the gum 
was to be directed by two shallow galvanized iron troughs or 
gutters, to be inserted about one-quarter inch deep by one of 
their long edges in correspondingly shallow inclined cuts across 
the scarified surface of the tree. 

With this apparatus provided, and again following the pro- 
cedure of laboratory research, preliminary experiments were 
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begun, during the summer vacation of 1gOI, in the forests of 
itheast Georgia, near the town of Statesboro, on timber pro- 
led, after much persuasion, by some of the leaders of the in- 


lustry in Savannah, Georgia, who viewed their concessions with 
eye of infinite skepticism. 
lhe results of these preliminary experiments were the thor- 
ugh demonstration of the efficiency of the apparatus, a deeper 
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grasp of the problem to be solved, a genuine sympathetic in- 
terest with the personalities of many employed in the industry, 
and much knowledge of the habits of the pine. It was com- 
pletely demonstrated that the dark color of rosin produced under 
the box system, after the first year of operation, was not at all 
due to physiological changes in the pine, but solely to the method 
of collecting the gum. Under this system opportunity was ot- 
fered for increased oxidation and for absorption of the deeply- 
colored gum coating the exposed surface, formed by the chipping 
of previous years. ‘This latter point was important, as the com- 
mercial value of the rosin decreases as the depth of color increases. 

The United States Bureau of Forestry, hearing of the pro- 
posed preltminary experiments, tendered the writer a collabora- 
torship in order to secure publication of the results. The ex- 
eriments were so full of promise that it was agreed that the 
vork should be promptly resumed at the opening of the next 
season, with field experiments on a commercial scale, under the 
auspices of the Bureau of Forestry. Accordingly the experi- 
ments were begun in February, 1902, on the turpentine farm of 
Powell, Bullard & Company, a well-known firm operating in 
southeast Georgia, near the town of Ocilla. 

lor these experiments the following policy was adopted at 


] 
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the outset: 

First, the timber was to be provided by the firm; the cups and 
gutters and cost of installation, by the Bureau. 

Second, the labor was to be none other than such as was em- 
ployed in the regular work of the farm. 

Third, the experiments were to be restricted solely to the 
“box”? question and the practicability of the substitute cup and 
gutters. Therefore the work of chipping, dipping, and scrap- 
ing should be conducted in the normal way. 

Fourth, four sets of comparative experiments were to be 
conducted simultaneously, one on virgin timber, and three on 
boxed timber which had already been operated respectively one, 
two, and three years. This would determine, so far as possible 
in one year, the influence of the box on the timber and on the 
income of the operator. 

Fifth, the results should be taken from the records of the 
company, whose statements would be readily accepted by all 


other operators. 
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So far, so good. Then troubles began. The manufacturer, 
elayed in his work, did not deliver the equipment until the chip- 
g season was nearly at hand. This led to shortcomings, un- 


Chipping the first ‘“‘streak'’ above the virgin box. 


lreamed of at the time, and which in after-vears caused the loss 
f many thousands of dollars; but this will be discussed later. 
Next, labor troubles were unexpectedly encountered. The negro 
iborer proved even more conservative than the white operator 
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and woodsman, and assumed the remarkable attitude that the 
* flower-pot ’’ method of making turpentine was more properly 
the work of women and children, and not suited to the dignity 
of full-grown men. This may be difficult of belief, and it was 
strange in the light of later developments, but it proved a serious 
obstacle for some time. By dint of patience, tact, and kindly 
reasoning this trouble was at last overcome sufficiently to enable 
a beginning of work in the woods with three laborers, but up 
to the very moment of actual handling of the axe the chagrin and 
mortification of those three negroes, too inefficient for the regular 
box-cutting squad, were comical, though the situation had its 
serious side in that the whole question of the carrying out of the 
experiments was at stake in the successful solution of this labor 
difficulty. It is sufficient here to state that in a short while the 
problem was completely solved, and as success in the experiments 
became more and more marked the comical picture then became 
the rather haughty air and proud demeanor of those who glee- 
fully dubbed themselves “ cup niggers!” 

To return to the experiments: three crops were selected, 
consisting each of 10,000 boxes, the unit of operation. These 
three had already been under operation one, two, and three years 
respectively. On one half of each of these crops cups and gutters 
were installed near the point where the chipping would begin. 
On the other half the gum was collected in the normal way, in 
the box, at the base of the tree. These experiments would de- 
termine the practicability of the equipment at varying heights 
on the tree; the quality, as to color, of the rosin produced from 
gum collected under the two systems; and would give some in- 
formation as to relative waste from evaporation, etc. 

The main interest, however, centred in the experiment on 
virgin timber, where the two systems could be put into opera- 
tion under fully equal conditions. For this experiment a tract of 
timber of fair average quality was selected by the firm just out- 
side of the town. To insure accuracy of the experiment, this 


timber was carefully and repeatedly cruised by experienced woods- 
men, and a division made as to location of cups and boxes re- 
spectively. In this division it was decided to alternate the “ drifts ”’ 
(subdivisions of a crop) of cups and of boxes. This also fur- 
nished more uniform weather conditions in working the two 
halves. ‘The entire crop was to be chipped by one man, and the 
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dipping was to proceed every three weeks simultaneously in the 
cupped and boxed halves of the crop, the gum to be collected in 
different sets of barrels. The presence of varying amounts ot 


Gutters and cup in position. 


trash and water would render inaccurate the results from measur- 
° or weighing the gum. Therefore it was distilled and record 
kept of the number of gallons of spirits of turpentine obtained 


from each lot, and separate sales made of the rosin produced. 
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No difference in quality of rosin was expected or found here. 
\s the distance of flow of the gum was the same in each set, 
loss of spirits of turpentine by evaporation was equalized. All 
precautions were taken so that whatever difference of results 
might be found in the yields from the two halves could be as- 


ed tree with cup and gutter in position at end of first year’s chipping, showing correct 
position. Ocilla, Ga. 

‘ribed to no other factor than the influence of the severe wound 
caused by box cutting on the productive power of the trees. 
The advancement of the idea that it decreased productive capac- 
ity had met with hoots and jeers on all sides; and here in this 
crop, it was felt and stated without the least effort of repression. 
would be demonstrated the superiority of the judgment of the 
‘practical ’’ man over the theoretical college professor. 
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The work of installation began. ‘Two flat faces meeting in 
a central line were cut with common axes to adapt the round 
tree to the straight-edged gutters, two laborers with broadaxes 
made across these plane surfaces the incisions for the gutters, 
which were promptly inserted by another group of laborers, the 
upper gutter reaching just to the centre of the face and empty- 
ing into the opposite gutter equally inclined, running about one 
inch lower and extending about two inches beyond the angular 
centre of the face, to provide a suitable hanging of the cup into 
which all of the gum dripped. While awaiting the arrival of 
the cups and gutters, the box-cutting squad and the “ cornerers ”’ 
had been gleefully at work in the other half of the crop. 

With the respective receptacles provided and installed, the 
work of chipping began—and the race was on. The detailed 
results are given in Table 1.! 

TABLE I. 


First-year Crop-—Dippings. 


—- Spirits of turpen- Exc 
n Num- Barret » i , tine on distilla f turpe 
Boxe ( t 3 B 
April I4 3 *9*4 1734 101.6 $4.3 17 
Ma Ss 2 Qo; 10's 111.0 130.5 19.5 
Ma 26 3 12 14) 136.8 175.3 $1.5 
Jun 16 2 12! 173% 143.3 191.2 47.9 
5 July 7 3 12% 14°, 142.4 75.2 32.8 
July 28 3 10 12%, 115.2 141.7 26.5 
August 18 2 10 11°, 106.6 126.6 20.0 
September S 3 S 10); 86.1 105.9 19.8 
September 29 3 7% 94 80.8 106.0 25.2 
November } 5 tio 12%, 110.9 145.6 34.7 
32 101% | 121% | 1,134.7 | 1,385.3 17.3 | 267.9 
*Tr esin from box cutting and 
t Ir resin from placing cups on trees 


t Boxes dipped after trees have been scraped. 
+ i 


lhe unexpected shortage from the cups on the first dipping 

| to great rejoicing among the box supporters, and to undoubted 
ipprehension on the part of the solitary backer of the cups. The 
second dipping, however, altered the situation, and by the last 
f June the victory for the cups was so complete that all were 
‘The tables throughout this paper are from Bulletins 40 and 90 and Cir- 


34 of the United States Forest Service 
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converted. The beginning of the end of the box system had 
been reached. [From this point on all went well. Labor 
was anxious to enlist, enthusiasm had supplanted scoffing, and 
now the chief effort of the original cup backer was to guard 
against possible inflated results, due to some over-zealous con- 
vert, which results might not be justified by the facts 1n the case, 
for in spite of convictions formed in advance of experiment it 
was, as in all research, the truth which was sought. 

Several years passed, much thought was expended, and many 
experiments were made before the true interpretation of that 
shortage on the first dipping was obtained and its remedy pro- 
vided. This will be discussed later. 

Meanwhile the distillation of the gum from the second-, third-, 
and fourth-year crops showed uniformly high-grade rosin from 
the cups, as contrasted with the low-grade rosin from the corre- 
sponding boxes, and the equipment proved itself readily adapt- 
able to the increasing heights of chipping. 

The results of net rosin sales from all four crops are given 
in Table 2. 

TABLE 2 


Season's Record of Net Rosin Sales. 


Per ce 
From ; Ex excess 
From dip " Tota ales 
ipped 
I t yea 
Cup $401.72 | $47.72 | $449.44 $85.51 23.50 
Boxe 328.40 35.53 363.93 
md year: 
Cup: 266.34 49.25 315.59 144.13 84.64 
Boxe 104.51 66.95 171.46 
Cup 171.27 27.44 198.71 132.05 200.50 
Boxe 39.49 26.57 66.06 
| | i 
Cup 167.33 29.23 196.56 132.50 207.13 
Boxe 36.09 27.91 64.00 


The experiments with the second-, third-, and fourth-year 
crops were discontinued at the end of the year, having served 
their purpose. The working of the virgin crop, however, was 
continued two years longer. The complete results for the three 


years’ operation of this crop are given in Tables 3, 4, and 5. 
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TABLE 3. 
Spirits of Turpentine from Half Crops. 
Boxe 
Valu 
of p 
Fron Fron Total From From 7 € excess 
lip crape - dip scrape : 
( 
Gallons Gallons Gallons | Gallons Gallons Gallons Gallon Cent 
| 1,395.3 205.0 1,590.3 1,134.7 153.7 1,288.4 301.9 40 $120.76 
1,103.5 105.0 1,268.5) 705.2|226.6 931.8 336.7. 45 151.52 
751.3. 136.0 917.3 530.1 190.5 726.6 190.7 45 55.82 
3,270.1 506.0 3,779.1 2,376.0 570.5 2,940.5 829.3 3 355.10 
TABLE 4. 
Net Sales of Rosin from Half Crops. 
Cuy Boxe Exce 
Ve ' i 
I Fron Fron Fron - ppe 
l ; rota hal , 
aly ipe aip ape na c p 
Palate ee aatee $401.72 $47.72 $449.44 $328.40 $35.53 $363.93 $85.51 
286.88 58.2 345-12 132.42 84.08 | 216.50 128.62 
eeeee 212.60 61.65 274-25 124.76 79.70 204.4060 69.79 
Total.......... 901.20 167.61 1,068.81 585.58 199.31 | 784.89 283.92 
TABLE 5. 
Summary of Gain from Cupped Half Crops 
Spirits 
\ of tur- R Pota 
pentine 
i ee ... $120.76 $85.51 | $206.27 
Second... 151.52 128.62 | 280.14 
Third. . , 85.82 69.79 155.61 
Total ..., 358.10 283.92 | 642.02 
Total Value of Products from Three Years of Operation. 
Cupped half crop................. ee $2,688.55 
Boxed half a eee ee See 2,046.53 
Gain from cupped half crop............. 642.02 = $1,284.04 per crop. 


That the distribution of the timber in this virgin crop had 
been well equalized was shown by measurements of diameters 
of all trees in the crop and by a determination of the average 
number of cups or boxes per tree throughout the crop. 
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As the work progressed, careful record of the dead and 
down trees were made in each half. The count at the end of 
the three-year period is shown in Table 6. 

TABLE 6. 


Record of Down and of Dead Trees. 


Boxed Cuppec Boxed ( i 
In Il yeal Po) 3 35 16 
In 2 yea 60 34 139 83 
In 3 yea 78 44 217 150 


During the chipping season portions of some of the chipped 
surfaces became unproductive, locally termed ‘dry face.” The 
results of the measurement of the extent of “dry face” in the 
two halves of the crop showed an excessive amount in the boxed 
half at the end of the first year. From that time on the amounts, 
while increasing in each, showed less striking difference. Evi- 
dently the cause of increased “dry face” in the last two years 
lay more and more in the chipping, and this observation led to 
later valuable experiments on comparative yields from lighter 
chipping. 

Che results of the first year’s experiments were communi- 
cated to the turpentine operators at their annual convention. 
Much interest was aroused and some enthusiasm. ‘The next 
few months, however, proved an interesting testimonial to the 
‘follow-up ” policy of the wise advertiser, for, in the three- 
month period spent in arranging for the manufacture of the 
equipment at a reasonable cost and in the preparation of an 
account of the experiments for publication as a government bulle- 
tin, interest in the matter completely disappeared. It was only 
through the most persistent efforts that interest was sufficiently 
re-aroused, in those at one time enthusiastic, to assure the com- 
mercial utilization of the rather limited output of the cup factory. 

This first season’s use of cups by the operators assured the 
future, the results obtained more than confirming the experi- 
mental results of the previous year. Instantly the demand in- 
creased; prejudice slowly gave way; the quality of the cups was 
improved with increasing experience at the factory; timber 
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owners made concessions on price of leases, provided cups in- 
tead of boxes, eventually stipulating that timber could not be 
rked if box cutting was the intention; and labor throughout 


“Dipping 


he territory became familiar with and enthusiastic about the 
ew method. Thus was the box system, with its attendant losses, 
r placed by the more efficient cup system. To-day box cutting 

practically a thing of the past, while many forms of cups, to 
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suit individual requirements, have become every-day articles 
of commerce. 

Krom the outset, railway officials of the Southern States, 
keenly alive to the welfare of the territory tributary to their 
lines, were strongly sympathetic with this movement, and by their 
prompt and intelligent handling of the question of freight rates 
on the equipment facilitated greatly the universal introduction 
of the new method. 

To encourage the adoption of the new system, the Forest 
Service adopted the wise policy of offering, free of cost to the 
operators, the services of the writer in inaugurating the work 
on a turpentine farm. Never to be forgotten was the first ex- 
perience i this work of instruction, when on a cold, drizzly Feb- 
ruary day, at a South Georgia saw-mill, there was handed over 
for instruction a group of sixteen young negro convicts, in 
characteristic garb and utterly devoid of any knowledge of tur- 
pentine operations. The situation seemed impossible and hope- 
less, but the future of the work was at stake. Fortunately ex- 
perience gained in years of teaching in the class-room came to 
aid. ‘The setting was entirely changed, but the methods of peda- 
gogy were applicable and necessary. The effort succeeded. 
\fter such an experience all others were easy. 

The “ practical man,” however, had his inning, for a little 
later, working in timber near the Gulf Coast of Florida, it was 
found that such timber was so tough that it was impossible to 
make smooth, flat faces on the tree for the gutters with the or- 
dinary axe employed. After a long day of struggle, with defeat 
clearly ahead, the turpentine operator suggested the use of the 
broadaxe for this purpose. The experiment was tried and im- 
mediately succeeded. Later another step forward was taken by 
the suggestion of another operator that in hewing with the broad- 
axe the bevelled side of the edge be placed next to the tree. This 
was revolutionary from an axeman’s point of view, but it was 
tried and its advantages were immediately noted, for there was 
no difficulty in forcing the axe to the surface at the base of the 
cut, thus saving the tree much useless wounding and so increas- 
ing the speed of operations that in a little while 
with an equal force of laborers, to install three crops of cups 
while one crop of boxes was being cut. Such details may ap- 
pear trivial, yet each had its influence on the rapid introduction 


t was-possible, 


of the system. 


ter 
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As reports began to arrive concerning commercial experi- 
ences with the system all agreed on increased yield, but all agreed 
likewise on the unusually large number of chippings required to 
fill the cups with gum at the beginning of the season, especially 
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Third-year boxed t 


imber with cup 


hen compared with boxes on similar timber near the cupped 
rees, the capacity of cup and box being the same. After this 
rst dipping the superiority of the cup system readily showed 
tself in largely-increased yields. Here was a recurrence of 
he mortifying experience with the first dipping of the virgin 
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crop in the experiment at Ocilla. What could be its explana- 
tion? How could the trouble be overcome? Various sugges- 
tions were made and numerous experiments tried by men of all 
types in all sections, but without success in overcoming this chief 
detect in the system. 

A few years later the writer had opportunity to visit Pro- 
fessor A. Tschirch in his laboratory at Berne, Switzerland, and 
there learned his views concerning resin flow, views based on the 
results of experiments on many pines in the neighborhood. Ac- 
cording to Tschirch the resin ducts, found scattered throughout 
the wood of a normal pine, contain a resin which is formed as a 
result of natural life processes in the living tree. Such a prod- 
uct is, therefore, a purely physiological product, and such ducts he 
designated “primary resin ducts.” These yield only a small 
quantity of crude turpentine when the tree is wounded. Imme- 
diately after the wounding, however, there begins in the outer 
fresh wood the formation of a very large number of resin ducts, 
both above and below the wound, forming an anastomotic system, 
which pour out crude turpentine in great quantity as a healing 
balsam over the wound. Such an exudate is a pathological prod- 
uct, and the ducts producing it he termed “ secondary resin ducts.” 
These extend four to five inches above the wound, requiring 
four to five weeks for their full development. 

In the light of this knowledge the explanation of the excess 
yield of the boxes over the cups on the first dipping was simple. 
When the boxes were cornered a full-width, V-shaped surface 
was formed above which the secondary resin ducts formed in 
abundance during the several weeks which elapsed before the 
chipping season began. Then when the first chipping was made 
the cut traversed secondary resin ducts along its full length and a 
maximum yield was obtained. On the other hand, the late arri- 
val of the cups for the experimental work made it necessary to 
begin chipping immediately afterward. The secondary resin ducts 
had not fully formed during this brief interval, and there was a 
correspondingly low yield of crude turpentine, which, however, 
rapidly increased later as the ducts increased. Again, in expla- 
nation of the same difficulty experienced by operators who placed 
their cups on the trees many weeks in advance of the chipping 
season, it must be remembered that the flat faces for the gutters 
were then being made on the tree by the broadaxe. The cutting 


PROT ee, 
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| a straight-edged tool into a round tree exposed the fresh wood 
ve in the form of two curved lines, meeting at the centre of 
e cut surface. Again, the sec mdary resin ducts formed, but 


Removing “‘scrape” (hard resin) at end of second-year bo 


ollowing the outline of the cut. When, therefore, these trees 
vere chipped only about half of these ducts, those near the centre, 
were traversed by the downwardly-inclined stroke of the hack. 
Hence a flow of gum far below that in the box system, but again 
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rapidly increasing after the first full-width cut formed by the 
first chipping. ‘his suggested a simple method for overcoming 
the losses encountered during the first six or eight weeks of oper- 
ating under the cup system; namely, the placing of the gutters 
on the trées in winter should be followed immediately by one full- 
width chipping and the trees allowed to stand, without further 
chipping, four or five weeks. Opportunity would thus be given 
for full formation of the secondary resin ducts along the full 
width of the chipping surface, as in the box system. 

These views were laid before a number of operators using the 
cup system, and they were requested to try the modified method 
on some of their timber during the next winter. They agreed: 
the experiments were carried out, and in every case the cure for 
the evil was found to be complete, cups so placed yielding a 
greater amount on the first dipping than boxes or than cups 
placed without the one winter chipping. Conservative estimates 
made by experienced operators place the total annual gain from 
this slight modification of woods practice at not less than $500,- 
ooo. Could there be asked a better illustration of the value of 
pure university research, as was that of Tschirch, for efficient 
industrial operation ? 

With the future of the cup system assured, attention was 
next turned to the relative yield of crude turpentine with reduced 
wounding of the tree in chipping. These experiments were con- 
ducted near Green Cove Springs, Florida. 

In order to interpret the results clearly, all trees were cupped, 
and one of the crops chipped to normal depth, seven-tenths of 
an inch into the new wood, the thickness of the chip being such as 
to carry the chipping up the trunk at the normal rate. This 
crop was designated A. 

In another crop, designated B, the depth of the chipping was 
reduced from seven-tenths to four-tenths of an inch, all other 
conditions being identical with the standard crop, A. 

In a third crop, designated C, the thickness of the chip was 
so reduced that the same elevation on the trunk would be reached 
in four years as was reached in three years in crop A, all other 


i 


conditions being alike in the two crops. 

Finally, in a fourth crop, designated D, no tree under ten 
inches was worked; the minimum diameter for trees bearing two 
cups was raised from twelve inches, as in crop A, to sixteen 
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nches; and, finally, no tree bore more than two cups, regardless 
f its larger diameter. In this crop the chipping was the same 
is in the standard crop, A. 

Che results of the four years of work on these crops are given 


m4 - 
lable 7 
TABLI 
D S iT 
I 
Yield I \ ) 
Pounds Per cent Pound Per cent Per 
200,235 . 47,742 — 
211,911 2.75 44,535 , 6.05 
214.503 4.01 39.775 16.609 
279.260 35.41 53,915 12.93 


The marked success of these experiments led to a further 
experiment for one year, in which was compared with a standard 
crop, such as A above, the vield from two crops, designated G 

nd H, in which both modifications of chipping, shallow and 
thinner cuts, as in B and C above, were combined. The results 
re given in lable &. 


TABLE 8&. 
N 
y i 
Pound Per 
Turpentine Compat : 9,550 35 90,094 ‘ 
9,550 35 124,292 35 
g , 5350 35 121,474 35 


(hus was the way clearly pointed out for more conservative 


treatment of the trees, the result being largely-increased yields. 


Oo 


\re further experiments on the reduction of the wound in 


chipping justified? This is a difficult question to attempt to 
answer. Certainly there is a limit to which such reductions can 
be carried, beyond which financial loss will result, under existing 


onditions of cost of stumpage and wages of labor. If the tree 
; not wounded, crude turpentine is not produced; if it is girdled, 
he tree dies. Somewhere between these extremes lies the most 
ficient operation. From the results already mentioned it is 
ident that past practice in chipping has been on the side of too 
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excessive wounding. Whether or no the limit should be further 
reduced can be determined only by experiment. 

One abuse, however, has arisen in connection with the spread 
of the cup system; namely, the general practice of cupping very 
small trees. Such trees were not brought into operation under 
the box system, as they were too small to receive a box, but they 
could be cupped with ease. Two strong objections hold against 
this practice. First, the trees of the future naval-stores indus- 
try are being destroyed, a well-marked case of child-labor abuse 
for which there is no legislative correction. Second, the judg- 
ments of the leaders of the industry agree that the operation of 
such small trees is unremunerative in itself, vet often produc- 
ing sufficient crude turpentine to seriously depreciate the market 
value of that produced from the larger trees. Much has been 
spoken and written by these leaders against the practice, but still 
it continues. Is not experiment advisable here? The following 
is suggested, and it is hoped that the suggestion will receive the 
consideration of the United States Forest Service. .\n investi- 
gation is needed of what is the actual vield from a crop of ten 
thousand of these very small trees during a period of three or, 
better, four years of operation. Such an investigation would 
give tacts where now mere opinion prevails. The experiment 
would not be costly, because it could be carried out in connection 
with the regular operations of a turpentine farm. It would re- 
quire only efficient supervision; the dipping from the small trees 
to be kept separate from those of unquestioned size, say ten 
inches and over in diameter; the yields from the two lots com- 
pared, and the results published for the benefit of all. Such 
a publication would constitute a valuable contribution to the lit- 
erature of this subject, and such facts would carry far more 
weight than any amount of spoken or published criticism 

Leaving now questions connected with woods-practice, let us 
follow the barrels of gum to the distillery, or * still,’ as it is unt- 
formly called. This manufacturing plant is exceedingly simple, 
and, as a rule, roughly built, the rapidly-shifting character of the 
industry not justifving more pretentious housing. A large copper 


kettle, the “still’’ proper, is set in brick masonry above a fire- 
box in which pine wood is burned. Eight to ten barrels of the 
eum, mixed with chips, dirt, and some water, constitute a charge, 
the distillation of which requires from three to four hours. The 
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kettle is connected by a removable “ still head’ to a coiled copper 
worm, set within a large wooden tank, the condenser, into which 
ld water flows or is pumped at the bottom, cooling thus the hot 
xed vapors of steam and spirits of turpentine in the condenser 
The heated water is led off by an overflow or is partly 

by running along a narrow trough leading from the top 

he condenser to a small, funnel-shaped opening in the lower 

of the still head, and emptying into the still and on to the 

ling gum below, the steam thus generated aiding materially 


separation of the volatile spirits of turpentine from the non- 
jatile rosin. The proper regulation of this flow of water has 
been generally determined by the sound produced by the boiling 
ass heard at the mouth of the condenser. Recently the use of 
nset thermometers for the purpose of controlling the distilla- 
m has largely increased. ‘The condensed liquids, flowing from 
he mouth of the worm, separate at once in the receiving vessel 
»two layers. The lighter spirits of turpentine is pumped into 
large storage tanks or is dipped into oak barrels, which have been 
thoroughly coated inside with glue. It is now ready for market- 
\When the volatile oil is practically all removed, the still head 
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is taken off, and the chips are skimmed. In the case of virgin 
dip this skimming is done as soon as the gum melts and before 
distillation begins. Finally, when all water has boiled off, a neces- 
sary precaution to prevent the rosin being Opaque, the molten 
rosin is allowed to tlow trom the still through a tail pipe, lead- 
ing from the bottom of the still, to two strainers placed the 
one above the other. The upper strainer consists of coarse wire 
gauze, and retains unskimmed chips. The lower strainer, of 
fine brass gauze over which are placed layers of cotton batting, 


eS eT es es 


Turpentine still. Ocilla, Ga. 


retains the dirt and smaller portions of trash. From these strainers 
the rosin flows into a long wooden vat, from which it is promptly 
dipped into barrels, where, upon cooling, it solidifies and is then 
ready for shipment. 

Crude as the method appears to the casual observer, never- 
theless careful study of this system as compared with the much 
more expensive systems in France has convinced the writer that, 
given a good stiller, equally good results are obtained by this very 
inexpensive outfit. Of course, the presence of the personal ele- 
ment, as represented by the stiller, is always a risk in manufactur- 
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ing operations, and it would seem to be a needless risk in the light 
its complete elimination in the French system of * mixed in- 
jection,” where heating is effected partly by free flame and partly 
steam; where water vapor is furnished both by inflowing hot 
iter and by direct injection of steam; and where operations are 
mtrolled entirely by the thermometer. Such plants are not 
expensive and are very simple in operation. 

[he suggestion has recently been made that this industry 
mld be placed on a much more efficient basis if the smaller 
lls in the woods were done away with, the gum hauled in tank 

cars direct to a central distillery, advantageously located, and 
there distilled. This suggestion contains many thoughts which 
justify the belief that here lies the way to the next decided step 
forward in the evolution of this industry, if questions connected 
with transportation can be properly worked out. Undoubtedly 
there is much waste at the present small distilleries. Important 
matters concerning utilization of by-products cannot be properly 
handled under the present system. Much demoralization of 
labor arises from the still being near the turpentine camp. On 
the other hand, the handling of crude turpentine in sufficient quan- 
tities at a central distillery would justify the presence of the 
most efficient forms of stills and of labor-saving devices common 
to all handling of material in large quantities. Of possibly still 
greater importance is the fact that operations on such a scale 
would justify the employment of competent chemists, who, in ad- 
dition to the careful control of the operation of the distillery, 
uld supervise the manufacture of rosin oil directly from the 
ten rosin, of the various commercial articles into which such 
products enter, and who could by systematic research find new 
ises for and new transformations of the various products, thus 
cuiding the industry to wider fields of application, and enabling 
to more fully keep abreast of that progress characteristic of 
industries which wisely make use of the services of well- 


trained chemists. 
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Wind-deflecting Mask for the Use of Locomotive Engineers. 
Anon. (Scientific American, vol. cxiv, No. 3, January 15, 1916.)— 
A few years ago an engineer on a Canadian railroad was tried for 
killing several passengers as a result of a rear-end collision between 
his engine and a passenger train ahead. His defence was simply that 
the weather was 40° below zero, a 40-mile wind was blowing, the 
severity of which was greatly increased by the speed of his train, and 
it was a human impossibility to withstand the cold long enough to get 
even a glimpse ahead from the open window. The other windows 
were so incrusted with ice that they might as well have been solid 
walls, for all that could be seen through them. 

lhe engineer won his case on the strength of his testimony, but 
as a result of the case a mask was invented which eliminates the 
discomforts of looking forward in bitter cold weather and gives the 
engineer a clear and unobstructed vision, without even glass inter- 
vening. The result is secured by deflecting the air currents down- 
ward as they enter the mask, and by forming a suction or draft at the 
bottom all air is drawn away from the engineer's face. So perfect 
are the results secured that a match held at the back of the shield burns 
steadily. The space between the deflecting partitions at the top and 
those at the bottom of the mask is open, and it is through this space 
that the engineer secures a clear view of the track ahead. The device 
is being generally adopted by the Canadian railroads as a safety 
measure and for the greater comfort of their enginemen. 


Newly-invented Circular Computer of Marked Accuracy. 
Anon. (Scientific American, vol. cxiv, No. 3, January 15, 1916.)— 
In an endeavor to provide a computer of great accuracy for the use 
of engineers, Louis Ross, a civil engineer of San Francisco, has de 
vised a new instrument that is at once compact, simple, inexpensive, 
and, most important of all, has an accuracy equivalent to a slide-rule 
100 feet long. The new computer consists essentially of a graduated 
dial rotating under a slotted cover, a floating guide, and a slide 
mounted at the right of the slot. The dial carries a scale of numbers 
reading to five significant figures throughout. The slide carries a 
miniature of the dial scale reading to three figures. It coOperates 
with the dial, checks and points out the precise answer and locates the 
decimal point. For instant or approximate results the slide alone 
may be used. 

The variable graduations of the ordinary slide-rule are replaced 
by uniform graduations along a spiral curve so proportioned that the 
angular motion of the index represents the logarithm of the scale 
reading. The length of the scale, according to the inventor, is 120 
times as great as the A and B scales in the ordinary 10-inch slide-rule, 
although the instrument is only 8 inches in diameter. The new com- 
puter is made of metal throughout, and the graduations are engraved 
on silvered metal surfaces. It is slightly over 8 inches in diameter 
and weighs less than one pound. 


THE THEORY OF SOME VARIABLE NEUTRAL TINT- 
ABSORBING SCREENS.* 


BY 
E. F. KINGSBURY. 
Physical La itory, United Gas Improvement ( 
Member of the Ir 
QNeE of the most important and frequently-occurring prob- 


1 


in the design and use of optical and photometrical apparatus 
best to vary the intensity of a light flux easily and at the 
f the operator. Many different solutions to this problem 
e been devised, a list of which need not be given here. It is 
purpose of this paper to collect for record some incidental 
rk, extending over the past two years, on some neutral tint- 
bsorbing screens made for this purpose. 
The three screens that have been studied are (1) the opaque 
ne grating,’ (2) the perforated opaque plate, and (3) the paral- 
ire grating. In the following work a parallel light flux is 
ays assumed. 
The first screen was made by ruling two gratings on glass 
th about 24 black lines per centimetre, then placing the two 
ings and the lines parallel and slightly separated.’ \When 
screen is rotated about an axis parallel to the lines, the trans- 
ission varies at a rate determined by the separation of the sur- 
es. Part of a section perpendicular to the lines is shown in 
1. The lines are shown staggered and not exactly opposite 
nother, the angle of staggering being denoted by @ as indi- 
ed. The angle of rotation is called 6 and is taken positive f 
unter-clockwise rotation, being equal to zero when the surfaces 
the screen are normal to the light flux. 
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or this screen we have, using the symbols of the fig 
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We will now express (2) in terms of the maximum transmis- 


sion as unity. 


The light flux passing through unit area of the 


screen when normal to the flux is proportional to the total open 
area, which equals the number of openings, m, per unit area, times 


the area of each, A. 


nX a. 


open area 


Now at any other angle, @. 


multiplied by the other dimension, a, thus: 


to the normal the number of 


openings exposed to this same flux is m sec @ and their open area 
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There is also a similar pair of equations representing a second 


case where the screen as shown in Fig. I is rotated 180° through 


ra | pic 


bec 


p 


1 


ine perpendicular to the paper, the corresponding equations 


ming 


['ransmission — tan 4 tan © (5) 


Transmission I+ tan @ + tan @ (6) 


ig. 2 shows in the solid line the calibration curve of such a 


creen when the staggering is of the second case, making (5) ap- 


FIG. 2. 
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ANGLES 
An experimental and theoretical calibration curve of the opaque line grating 
icable. The calibration could not be extended to show the 


equivalent of (6) also. The equation fitting this curve ts 


Transmission = 0.623 — 0.620 tan @ (7) 


and the computed points are shown as dots in Fig. 2. (7) in the 


form of (5) 1s 


I — 0.620 tan 31° 18’ — 0.620 tan 6 (8) 


Chis curve has the desirable characteristic of passing through 


a point of inflexion which makes it approximately linear through 


+ 
t 


region. 
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The second grating studied was a brass plate drilled as closely 
as possible. Fig. 3 shows a section of one hole and also a per- 
spective view of the same from one side. We have 

Z,+Z = 2Rcose 9 
here Z; = T sin @ and 
Z =2Rcose— 7 sino 10 


\s the plate is tipped from the normal to the light flux the 
equation for each apparent ellipse is 


R ’ R ” : ; 
R } 
x 7 t ©) 12 
FIG. 3 


é . 
+» 
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For area of one opening take 
! 4 | X dy 


tween the limits of 


. PA ' (ae 
Y = Rcose— _ =-- sine 
*R cos @ 
A= 4 Vv (R cos )? — Y*dy 13 
COs & . 
. sin @ 
a 


( T a oe ry 
! R S 6 [: 2s \oR tan »)] TRsin © . I \oR { ae ) (14) 
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We will consider 7 as measured in terms of 2, which will be 
ken as unity. The total transmission will be as above, equal to 


open area nd, subtending per unit normal area. .\t 4 =0 
ypen area isu t R*andat #6, uA sec 4, therefore for max 
transmission unity we have 
, { ” 1 sec @ R , 
} oe R — 
14) | ~ it becomes: 
; (1 _.¥ J 7 
i °) - I—({ 15 
FIG. 4 
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ves for the drilled metal plate for vari k adi 
of the holes. 
ig. 4 shows five curves plotted according to (15) tor 7 =0.5, 
2 and 3 respectively. They are interesting as showing 


> 


the curves pass through practically a straight line for 7 = 2 
-only sharp bend being a short one at the lower end. 
Che third and last screen studied was the parallel wire grat- 
a part of a section of which is shown in Fig. 5.7 A rigid 
frame was wound uniformly and tightly with a soft iron 
re. The portions of the wires that bend over the edges of the 
rame were then soldered and all the wire on one side of the 
ne was then cut away, leaving the other half intact he 
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frame was then mounted so as to turn on an axis parallel to the 
wires, 
For this screen we have 


D+X F 
— =cos @, whence 10) 
D+S P 
X = (D+ S) cose — D (17) 
F1G. 5. 
a 
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An opening of the parallel wire grating perpendicular to the wires 


Following the same reasoning as with the first screen, the 
transmission with maximum unity becomes 


wxa Sec © r sec @ — : ultiolvis - 7 = Se ~ —o 
nS a S —— ili S 5 
oo — D 
['ransmission = I — s sec @ — I 18) 
a D 
Transmission I— ¢ exte rnal sec @ 19) 


Fig. 6 shows in the solid line a portion of a curve experimen- 
tally determined, and the heavy dotted line the computed accord- 
ing to equation (19) in the following form: 

Transmission = I — 0.600 external sec (20) 

It will be seen that the agreement is excellent. This screen, 
while very simple from a mechanical point of view, is not so de- 
sirable from a theoretical viewpoint, as the curve bends so rapidly. 
Great care must be exercised in handling this screen, as a slight 
knock on the wires will easily bend them, changing the calibra- 


tion. ‘The wires must also be well blackened to avoid reflections. 


\ careful test was made with this screen to see if a lack of 


ea 
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parallelism of the light flux would alter the calibration over the 
‘ange shown. As wide a deviation as would likely be met in prac- 
e was tried and did not alter the above curve. 

The above curves are not intended to take the place of an 
rbitrary calibration of each screen when put into use, but it is 
frequently of considerable aid in such a calibration to know in ad- 

nce what sort of a curve to expect. Therefore it is hoped the 


bove may be of assis 


+ 


tance to anyone using these screens in the 


ture. 
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An experimental! ar theoretical calibration curve for t parallel wire grating. 


The thanks of the author are due to Dr. H. E. Ives and Dr. 
ch Karrer for numerous suggestions. 
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Water Power in Washington Enormous. Anon. (ll. S. 
Geological Survey, \Water-supply Paper No. 369.) Not every one 
realizes that Washington is one of the three States credited with 
having the most water power, or that the streams of the Pacific coast 
states furnish about 4o per cent. of the total estimated available water 
power of the United States. Eventually hydro-electric power must 
be a dominant factor in the development of large manufacturing 
enterprises in these states. 

The United States Geological Survey and the Washington loard 
of Geological Survey, of which Governor Ernest Lister is president 
and Prof. Henry Dandes is geologist, are co6perating in investigating 
the water supply of the state and the related physical features that 
affect the development of power and irrigation. 

Yakima River is probably the most valuable stream in the state. 
lt can supply water for irrigating about 650,000 acres of land, 
besides furnishing 132,000 horse-power continuously and an addi- 
tional 155,000 horse-power for pumping water during the irrigation 
season. The fact that only 300,000 acres of land are now irrigated, 
and that only 14,000 horse-power is available from present power 
plants, indicates great opportunities for agricultural and industrial 
expansion. All the power estimates in the report have been based, 
therefore, on the assumption that the water is more useful for 
irrigation than for power. 

The estimates given indicate that Naches River, which joins the 
Yakima just above North Yakima, can furnish more power than the 
main Yakima and Clealum Rivers combined when the water supply is 
gulated for irrigation. .( summary of power available on Naches 


~ 


T 


~ 
River and its tributaries shows that 97,900 horse-power can be used 


continuously, and that an additional 62,000 horse-power can be used 
during the irrigation season for pumping water to lands which can 
not be served by gravity systems. Most of the power sites on Naches 
River will require relatively short transmission lines for the delivery 
of energy. 

The essential feature of the scheme of development followed by 
the United States Reclamation Service is that providing for the use 
of stored water to supplement the supply when the streams are at 
low stages, a feature involving the construction of five large reservoirs 
having an aggregate capacity of 1,069,000 acre-feet of water. ‘Two 
of these reservoirs have been completed and work on a third is well 
advanced. These reservoirs will be used exclusively for irrigation, 
but a number of smaller reservoirs can be used for power and will 
provide also for an increase in the water available for irrigation. 

A copy of Water-supply Paper 369 may be obtained free of 
of charge by applying to the Director, U. S. Geological Survey. 
\Vashington, 1D. | 
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PRODUCTION OF LIGHT BY ANIMALS.* 
BY 
ULRIC DAHLGREN, 
Professor of Biology, Princeton Universit 
LUMINOSITY IN THE ECHINODERMS. 
his large group of animals seems to be very near to lacking 
uminous members. The class crinoidea show no such ex- 
les, although they nearly all live in the deep sea, where the 


us animal appears especially apt to develop, or, to put 


re correctly, where animals appear more apt to develop the 
er of producing light. .\lso they would quite surely be 


nd in such a position if they had this power, because the deep- 


is done from large boats, and the hauls of the 


ary cy 
ging 1 


dred 
lve, taking hours to come to the surface, often arrive on 
rd the vessel in the night time, when the expectant scientists 
iid see any light and be able to pick out any luminous form 
report it. 
mong the class asteroidea we have one genus, several mem- 
which have been reported as showing light, the genus 
nga. Mangold denies this, however, and the subject seems 
need accurate observations which should be made. It appears 


1 


tne deceptive appearance of 


light is due to refraction phe 
it caused by the structure of the animal's integument 
more doubtful is a report that a member of the class holo- 
‘oidea is luminous. This very old report (by Ithrenberg) 1s 
bscure that it is not certain whether he refers to the echino 
} of that name or whether he is using the very old name for 
salia, 
\gain we come to a doubtful case in the class echinoidea 
hese are the well-known “ sea-urchins.” and among them ts a 
nmon tropical species, Centrechinus sctosum, formerly Dia- 
ma setosum, Many observers have noted on this animal, whose 
irious species are usually of a deep blue-black color, a series of 
right blue, iridescent points or dots extending in lines over the 
ipper surface of the body. The largest of these spots are found 


* Continued from page 261, February issue 
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one each, on the genital plates. Also rows of them extend down 
on the interambulacral plates between the bases of the long 
spines. They number from one to two thousand altogether, and 
are slightly raised from the surface, this condition being due to 
the thickening of the epidermis at this point. 

In section under the microscope these spots show a series of 
hexagonal prisms of transparent refractive material extending 
trom the surface down to the base, where they are fitted into cup- 
shaped cells whose cytoplasm is filled with a black pigment. The 
whole structure lies directly upon the general nerve-tissue layer 
that covers the whole body under the epithelium. A large num- 
ber of nerve ganglion-cells are found in this nerve-tissue layer 
at the point upon which the organ lies. 

(wo functions have been attributed to these organs. ‘The 
Sarasin brothers and others have said that they were compound 
eves, while Ludwig and Haman have taken them to be luminous 
organs. It must be remembered that both eves (light-receiving 
organs) and photophores (light-giving organs) often have the 
same accessory structures as lens, iris, reflectors, or protectors 

f some kind. ‘They are, therefore, often confused with eyes in 
the more specialized forms, especially when examined in the 
dead specimens, and we will meet with other doubtful forms in 
ur future studies of the higher animals, such as fishes, crusta- 
ceans, worms and mollusks. Many cases have been formerly 
identified incorrectly as one or the other kind of organ and are 
now known correctly after careful study. In this case we have 
observations that point both ways, and very careful study is 
necessary in the future to decide which these organs on this sea- 
urchin really are. The case seems to be almost decided by ob- 
servations and experiments made by Dr. L. R. Cary, Dr. A. G. 
Maver, and the writer as follows: Fresh living Centrechinus 
were examined in their habitat on the coral reef at the Tortugas 
laboratory of the Carnegie Institution and in full sunlight 
These animals have very long, sharp spines which pierce the flesh 
f any enemy that happens to touch them, however, lightly. 


\Vhen a hand was passed over them so as to intercept the bright 
daylight, all the spines on the creature's body were moved so as 
to point directly at this hand. If the hand was moved, the spines 
followed it slowly. Thus it was shown that the organism could 
see in all directions and could distinguish the direction of light— 
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a work that requires a fairly well organized eye. Since the light- 
lue spots were the only eye-like organs present, it seems that 
ght must be their function. 

Dr. L. R. Cary, at the writer's request, took these sea-urchins 

nd attempted to stimulate them to luminosity in the dark by 
both mechanical and chemical means. He failed to get any lu- 
ninous response. On the other hand, we have the observations 

Dorderlein, who, upon taking the animals from the water, 
saw a beautiful light at the approximate points where the blue 
spots are found. It is possible that he observed the creature in 

half light whose rays were collected and focussed by reflection 
from the optical apparatus of the blue eyes; or the organism may 
have both eyes and light-producing spots. The writer and Dr. 

Cary have both seen this reflection effect in bright daylight, but 

not in dim lights. In conclusion it may be said that this sea- 

urchin most probably has eyes, but no light-producing organs. 

In contrast to the four classes mentioned above we find in the 

fth class of echinoderms, the ophiuroidea, that nearly all of its 
embers, called the * brittle-stars *’ or * snake-stars,” have well- 
defined light-producing organs (see Fig. 1). This power has 
ng been recognized in them, as many of their specific names 

vill show, such names as Phosphorea, Noctiluca, etc., being 
mmon, 

These animals live on the bottom of the sea, in water of va- 
rious depths, according to the species. They are capable of 
rapid crawling or creeping motions, and live on gravel or among 
the stems of sea-weeds or under loose rocks, etc. Their crawling 

otion is performed by means of the five arms, one of which ts 
held out straight before or behind, while the other four become 
arranged as two symmetrical pairs that are alternately advanced 
ind) pushed backward, thus moving the disk-shaped body 
rward. 

The fact that these animals could light has not been an- 
nounced as long ago as in the case of some of the other organisms 
treated of in this work. Nor were the early announcements 

ore than mere mentions of the fact that the Ophiurians could 
shine. The names of some of these more or less superficial ob- 

servers were Sokolow, Awerinzew, MacIntosh, Godlewski, Vivi- 
ni, and Tilesius. .\s an intermediate group of somewhat more 


‘areful observers came Wryville Thompson, Panceri, Quatre- 
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tages, and Molisch. Lastly, in recent years, we have four in- 
vestigators, Mangold, Reichensperger, Trojan, and Sterzinger, 
who made careful studies of these interesting animals with refer- 
ence to the light that they are able to produce and have given us 
a fairly complete knowledge of the structures that represent the 
light organs. 

Not all of the species are luminous, but the majority appear 
to be so. The light 1s fairly strong, and the various reports show 
that it is bright green in color. The animals show it only upon 


Fic. 1 


eT eT eT ee eT ee, 
the usual stimulations by chemical, mechanical, and electrical 
methods. Fig. 2 shows some brittle-stars as they appear when illu- 
minating in an aquarium or in the sea. Before describing the 
parts of the animal from which the light emanates it may be well 
to briefly describe the plan upon which the creatures are formed 
( see Fig, a2 

The hollow body containing the digestive, reproductive, and 
excretory organs is a round disk, and from this central part five 
ong, slender arms branch out. These arms are solid and com- 


posed of a series of segments that grow smaller in size towards 


~ Serer preva gea en on 
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tips. Each segment is formed of a number of plates that may 
lescribed very roughly as a dorsal, a ventra!, and two lateral 
ites (see Fig. 3). Two long, fleshy feet and two smaller feet 
e out of openings in the outer edge of the ventral plate, a 


t 


ber of spines (ten in Ophiopsila annulosa) protrude from 
lateral plate, while the dorsal plate is bare of appendages 


1, 1, isa diagram showing the relations of spines and feet t 


~ +. 


lates In a segment as seen in a sectional view of the arm. 
vville Thompson described the light as appearing on the 


rsal part of the disk and arms in Op/iacantiia spinulosa, but 
the various other forms studied by the four recent investiga- 
mentioned above it appears to be contined to parts of the arms 
Sterzinger 


lone, it being difficult to define these spots exactly. 


tates that it comes from the ends of the longer feet, while the 


thers find that it probably comes only from the little plates from 
hich the spines are given off and from the lower parts of the 


ines themselves 
\langold shows this in one fairly conclusive manner (see Fig 
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5) by first examining portions of the arms in a good light to get 
the form of the structure and then making another examination 
in the dark and sketching in black the shape of the lighted re- 
gions. He also worked in the same way to determine the loca- 
tion of the light in several other Ophiurians found in the waters 
of the Bay of Naples. The following list will show the result of 
his work, as well as the apparently trustworthy external obser- 
vations of some other writers: 

Ophiacantha bidentata—Light appears on the spines, on the 
basal plates of the spines, and on the lateral plates (Sokolow ). 


Ophiacantha spinulosa.—Light appeared on specimen brought 
up fresh in the dredge. It was seen on the edge of the body disk 
and moving inward to the middle, also it appeared at the tips 
of the five arms and moved inward toward the body (Wyville 
Thompson). This latter account should be re-investigated. 

Amphiura squamata.—The light appears only on the proxi- 
mal portions of the two basal plates of the spines on each seg- 


ment. 
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Ophiacantha spinulosa.—The light appears to come from the 
bulacral feet. according to Tré jan, 

Amphiura filiformis. Only the spines light in this 
lescribed by Mangold. 


iA 


species, 
nopsila annulosa.—Here Mangold states that the li 


FIG. 4. 
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ee 


duced from the entire ventral plate, the lateral plates, and all 
spines. Also it appears to come from the ciliated feet. 
Ophiopsila aranea—A much more limited area was illumi- 


ted in this form than in the last. Only the proximal part of 


5. Bik 
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each lateral plate bearing the spines was involved, the distal por- 


tion remaining dark (Mangold). 
Amphiuria chiajei.—No light shown according to Mangold. 
Histological studies have been made bv several investigators 


Fic. 5 
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Diagra ot se rent parts of the arm of the ittl ir Oph il 
sulosa iow tt i mus during light production. On the left are seen 
egmet as set ds ; rked in black the shape and extent of the 
areas of e animal is excited to luminosity in the dark 
\ Mang 


» determine the cells or tissues that were the seat of the secretion 
ft the luciferine and also to find out 1f it was an internal! or intra- 
‘ellular light production, or if the luminous material was forced 


of such cells and oxidized in the sea-water 


ut 
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Reichensperger and Trojan examined sections of all of the 
ibove listed forms and from among several kinds of cells picked 
ut one particular variety that seemed to be the specific cell for 
ight production. ‘This cell (see Figs. 6 and 7) is large, it lies deep 
the tissues of the spine or plate, its cytoplasm is filled with gran- 
iles that appear to stain in a measure like those of other light cells, 
ind both observers agree that the heavy cell body stretches out into 
prolongation that reaches to the surface of the body. They dis- 
ree, however, as to whether it opens through the very thin 
le at this point. Such openings seem to be present, although 


Fic. 6. 
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; small, but their presence does not altogether settle the ques- 
n as to the exact site of the light pr duction. The observa- 
ons and experiments of most of the observers point to the fact 
that no secretion is discharged that can be rubbed off on the fin- 
gers and continue to light for even a fraction of a second. There- 
re, Trojan concludes that the light must come from inside these 
ells. Mangold points out that if this is true the light must come 
nly from the distal part of the cell, at a point just under the 
uticle where the prolongation of the cell, which has been called 
ts duct, is perceptibly enlarged to form a sort of reservoir. In 
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this way the light would appear to come from the exact areas as 
determined by Mangold, because the secreting bodies of the cells 
themselves are scattered quite widely, while their long ducts are 
collected so as to open well within the designated areas. Or it 
may prove that the luciferine is discharged, but is consumed so 
instantly that one sees no trace of it outside of the body. 

Trojan describes a modification of the small storage spaces 
found on each light cell, as a mushroom-shaped cavity under the 
surface of the spine (see 2 and 3, Fig. 4). Into this several 
light cells seem to empty, although Trojan declares he has not 
seen this, and if this is the seat of light production, the light 
ought to appear as a series of larger spots on the surface of the 
light areas. 

The idea expressed by some that the secretion from the light 
cells is drawn from the cells and distributed through the tissues, 
particularly through the muscle tissue, where it produces the 
luminosity, is evidently incorrect. The internal structure of the 
light cells seems not to have been well worked out. Trojan speaks 
‘tf a nucleus, but he has left the reader in doubt as to the structure 

f this nucleus, from both text and figures, in which no nucleus 
is designated or distinguished in any way from the vacuoles that 
are pictured. Reichensperger, on the other hand, has designated 
these spaces, one in each cell, as the nucleus, and shows a weak 
nuclear membrane and some chromatin structures. It is probable 
that the processes of decalcification have injured the staining 
power of the nuclei or even their structural features. 


LIGHT PRODUCTION AMONG THE LOWER MOLLUSKS. 
Referring to the lower mollusks as all classes exclusive of 
the cephalopoda, or squids and octopus, we find that in these four 
classes, the Amphineura (the sea limpets), Gasteropoda (slugs or 
snails), Scaphopoda (sea teeth or tooth snails), and the Pelecy- 
poda (bivalved mollusks), there are remarkably few luminous 
forms. In fact, only two genera are decidedly well known as 
being able to light brightly, the gasteropod, Phyllirrha bucephala, 
and the pelecypod, Pholas dactylus. Remarks on the reported 
autogenous light from some of the other forms will be made 


the end of this chapter. 
Phyllirrha’ bucephala is an opisthobranch gasteropod of 
small size that has assumed a distinctly pelagic form of life, living 
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1 the surface of the warm seas of the tropics and having adapted 
lf to this life by the development of transparent, watery 


tseil 

ssues and a habit of swimming. When first seen in a glass dish 
ng the numerous other animals taken in the surface tow net 
the open parts of the Mediterranean Sea and South Atlantic 

cean one cannot for a moment realize that it is a gasteropod 


k, although a closer inspection soon proves it to be so 


USK, 


Cy Ing to 


distinguish it from the great majority of other gasteropod 


its aberrant form and habit. which, as has been 


1 


Fic. 
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Husks, Phyllirrha has been much studied as to its morpholog:- 
| organization and histology. In fact, the work of Eschseholtz 
S25, 1834), Quoy E. Gemaird (1851, 1853), Cantraine 


> 


i841), Souleyet (1846), Leuckart (1851, 1563), Krohn (1853), 


Muller (1852), MacDonald (1855), Schneider (1858), Costa 


862), and many others, on its structure and comparative 
phology have made it a zoological classic, as its figure on the 
pages of many text-books of zoology will testify. Owing to the 


that these workers always saw and studied the living animal 


Pcl | 
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n daylight, however, no one of them seems to have been aware 
‘f its light-producing power. 

When the creature is left at rest in an aquarium of fresh sea- 
water of the proper temperature to rest until nightfall, and is 
disturbed in the dark with a stroke from a glass rod, it gives off 
a brillant light in which its entire shape as well as the outlines 
of its digestive tract and reproductive glands, ete., are plainly 

isible (see Fig. 8) 


Fic. 8. 
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four men have studied this mollusk with special reference 
» its light-producing power: Panceri in 1873, Putter in 1905, 
Vessichelli in 1906, and, most carefully of all, Trojan in 1gto, 
an article dealing with both the physiology and the structure 

it the light organs 
Panceri's work was of high scientific value, considering the pe- 
od in which he worked. Nevertheless he fell into manv errors 

] 


hat have been corrected by Trojan, who also made further ad- 
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vances in the subject. The method of stimulation shows many 
interesting features. 

Like many other of the forms we have noticed, the creature 
swims about and shows no trace of light if not disturbed. Upon 
the least disturbance, however, such as the gentle shaking of the 
dish or a touch with a needle or a glass rod, the organism lights 
up suddenly, all parts of the outer surface at once. The light 
then fades gradually until it disappears in about ten seconds 
One must have care in using the mechanical stimulation on ac- 

unt of the extreme delicacy of the transparent tissues of the 
animal. Fig. 8 shows this condition of lighting well. 

Both chemical and electrical stimuli were used by Panceri and 
lrojan to study the lighting. Fresh water, and especially dis- 
tilled water, furnishes one of the best means of getting a strong 
light that lasts for fully two minutes. Dilute acids and dilute 
ammonia both gave excellent results, although all the chemical 
forms of stimulus kill the creatures at the end of the lighting 
period. Weak organic acids or mineral acids will cause light 
to be shown for as much as three minutes. Ammonia causes a 
bright flash, but also a very short one. .\Il these chemical stimu- 
lations not only kill the animal, but also render its tissues unfit 
for further histological work. 

Panceri used the electric current as a stimulus with no success. 
He probably did not have the proper apparatus for applying it. 
frojan found it to be the best means of studying the light, be- 
cause it could be used a number of times without injuring the 

rganism in the least. His method was to take the Phyllirrha 
ut of the water, on account of the chemical changes in the water, 
and to apply non-polarizable electrodes, leading the current from 
Bunsen plate batteries with an inductor. By applying the current 
slowly or quickly he could get a weak or a sharp light, and, after 
lowing the animal to rest, could repeat the experiment. 

When stimulated in this way the creature lighted strongest on 
and about the head and anterior part of the body; less so on the 
posterior part of the body and on the feelers. The light was well 
marked on the upper and lower edges of the body so as to out- 
line it plainly. Also several very large points of light were visible 
on the middle of the sides, both before and behind, Fig. 8 shows 
these points clearly. With the naked eve the effect was that of 
. general illumination, except that the large points on the middl 
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stood out. With a magnifying glass, however, or with a low 
power of the microscope, it can be seen that all of the light comes 
from very many, mostly small, points. Further, these points are 
not all constant in their brilliancy, but the light comes and goes— 
glimmers, as it were—giving the effect, on the whole, of a con- 
stant glow when not too closely examined. 

Trojan, in looking for the histological structures that pro- 
duced the light, noted that the lights were small and thickest set 
m the contours of the body; that there were not so many on the 
feelers, and that the few very large ones were in the middle 
position on the sides. He therefore cut transverse sections and 
examined the outer integument of these to find some structures 
that would correspond to the size and position of the points of 
light. Such organs would undoubtedly be the points of origin 
of the luminosity. 

The body was bounded by a simple epithelium and, at inter- 
vals, certain cells had become glandular in nature and had been 
depressed from the epithelium and their proximal ends sunken 
deep in the connective tissue of the animal’s body. This condi- 
tion was necessitated by the greatly enlarged size of the cells, 
whose distal cytoplasm had become filled with secretion. Fig. 1o 
shows the different kinds of cells so found. 

Two principal kinds of these cells are described by Trojan 
The first is somewhat the larger, averaging 30 microns long and 
18 microns wide (Fig. 9, Lc). The cell wall is not distinet from 
the included mass of secretion in most preparations. This cell 
wall includes the cytoplasm of the unit, and the nucleus lies at or 
near the proximal end of the cell in this thickened cell wall and 
cytoplasm. Lines of a denser nature spread in an irregular radi- 
ating way from the area in which the nucleus is placed, and, be- 
coming smaller, fade away about half way toward the distal end 
f the cell. The nucleus, cytoplasm, and cell wall, as well as the 
radiating lines in the cytoplasm, all tend to stain deeply with iron 
hematoxylin, especially the nucleus and the lines. 

The contents of this cell form a mass or plug of finely granu- 
lar material whose outer surface is much mixed up with the inner 
reticular surface of the cell body (walls). This mass protrudes 
from the distal end of the cell, where its throat-like distal end 
opens through the surface as a small pore. In many cases that 
mass has been partly or almost entirely discharged and only a 
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nant is left in a proximal position. ‘The granular material 
ins deeply with such stains as iron hematoxylin, thionin, 
icarmine, and mucihematin. In this staining power, in its 
nular state and in other ways, it agrees with the secretions 
lighting cells in some other forms, and it seems pr bable that 

ese cells are the lighting cells of Phyllirrha. 


| 


(wo other factors, make this seem even more probable. ‘The 


FIG. 9. 


lls in question seem to correspond in number and in position 

» the light spots as observed on the living animal, and the inner- 

tion of these cells as described below seems to make the fact 

ite certain. 

Transverse sections of the body show the larger number of 

se light cells on the upper and lower border of the body where 
light is brightest \lso the cells are small here and close- 
Vor. 181, No. 108 28 
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set, which corresponds to the appearance of these light spots in 
the same place. Then, again, the localities occupied by the few 
very large light spots were examined by Trojan, and here he 
found the interesting fact that several light cells had united as 
a gland to form a single point of light production (see Fig. 9, 
/.g). From two to as many as twenty cells are sometimes thus 
united. Their ducts do not form a common opening of any ex- 
tent, but they do pour out the secretion at what is practically a 
single point. In this interesting animal we can see the process 
‘f specialization going on and many-celled glands or specialized 
light organs being formed from a scattered group of light cells 
distributed all over the body. 

\ most interesting point in connection with its light cell is 
that each cell has a nerve-fibre coming to it and attached to it 
by means of a nerve-end organ (Fig. 9, Ne, \). This fibre 
comes from some internal ganglion, and in most cases can be 
traced some distance back from the light cell to a branching 
point where another branch or other branches run to other light 
cells. Connective-tissue cells are very sparingly found on the 
nerve-trunks and fibres, and nerve-cells have been described near 
the branching points, but the origin and structure of the nerves 
has not been carefully worked out..-The nerve-ending is large 
and consists of a conical swelling on the side of the light cell, 
vith the nerve entering at the apex (Fig. 9, Ve). This swelling 
is marked off from the general cytoplasm of the cell by a plane 
from which a number of short, equally-placed rodlets radiate 
into the cell cytoplasm and fade in its substance. These rodlets 
begin in this plane sharply and are equally spaced. They stain 
with iron hematoxylin. A small, dark body appears in the cen- 
tral part of this pyramidal mass of the nerve-ending. Trojan 
calls it a small nucleus, but it should be further studied and may 
not be one. 

\Ve can now understand to some degree how this cell may 
perate. It undoubtedly starts the release of light energy in 
response to a nerve impulse. This is very apparent when we re- 
member that the whole number, several hundreds or thousands, 
f the light cells suddenly blaze out at once, no matter how or 
where the animal's body may be stimulated. This points to a 
entral ganglionic control, and careful experiments should be 


undertaken to assure ourselves that this assumption is correct 
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h experiments should include a more careful set of local and 
eral stimulation experiments, as well as the cutting of desig- 
d nerve-trunks and the artificial control of the several gan- 
r their local destruction. Vhe animal, although small, is 

y transparent and should lend itself readily to such tests 
\\ hen the nerve impulse has once arrived at the cell, however, 
er interesting questions arise. Is any specific chemical or 
| action set up that causes the appearance of the light? Or 
ne result of the nerve discharge merely a muscular and 
hanical one which causes the approximation of the luciferine 
xygen, and of the necessary enzyme, oxidase, or organic 
tic agent, all of which are necessary for the appearance of 

oht: 

‘loser examination of the structure of the cell will help 
get some working hypothesis. In structure it is undoubt- 


a gland-cell with its nucleus pressed down against the proxi- 
surtace and a large mass of secreted material filling its in- 
il cavity and being pressed up out of a distal pore so as to be 
ut into the surrounding water. ‘This condition can be seen 
the light cells in Fig. 9. Further, the presence of the 
ning strands radiating from the nuclear position, and 
ls that radiate from the nerve-ending, may indicate the 
nce of muscular element in the cell which could be used 
ugh the stimulus of the nerve discharge to press out thr 
Chis assumption is not even necessary, however, as 
many unicellular glands throw out their contents upot 
stimulation without the presence of any such fibrils. Th 
lear fibrils may, and probably are, secretion fibrils, and 
is around the nerve-ending may be associated with the re- 
and distribution of the nervous discharge. 
me has established the fact that a luminous secretion has 
rown off as in Pelagta or Chetopterus, but it may well be 
he luminous action can take place at the instant of discharge 
the material, when once separated from the body surface, 
‘eady be exhausted. Or the light-producing action can 
take place in the distal part of the cell before the substances 
emerged from the cell pore. 
The presence of other and different cells. often associated 
the light cells, must be considered. From their affinity for 


1 


1 as eosin, Trojan took them to be albumin cells. The 


I, 
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appear in Fig. 9, a.c., and show a different structure from the 
light cells. ‘They, too, are gland-cells, but in some cases the 
efferent duct or pore was not seen. In others this duct was 
visible. ‘The possibility remains that these structures secrete the 
necessary enzyme, and their frequent proximity to the light cells 
points to some such use. On the other hand, they are hardly 
numerous enough, and many light cells are without them. ‘They 
may be poison cells, and that appears the more probable when 
we remember that the animal is undoubtedly poisonous to other 
creatures and that these albumin cells seem the only or, rather, 
the easiest way of explaining that. 

The color of the light has not been studied at all. Mention 
has been made of it as “* white’ and “ bluish.” 

Several other pteropod, pulmonate, and heteropod mollusks, 
as has already been mentioned, have been reported to light, but 
no scientific study of them has been made. We can with some 
confidence believe that a small proportion of these reports have 
a foundation in fact. Against it is the truth that the mollusks 
in general, the cephalopoda excepted, show but little inclination 
to produce light. In favor of it, we must consider that the ptero- 
poda and the heteropoda are surface-swimming pelagic forms, 
and that all such groups are peculiarly apt to develop the light- 
producing power. I should expect the pteropoda especially to 
have some species that have developed a luminosity. 

Turning now to the pelecypoda or bivalve mollusks, we find 
that great exception that proves the rule in a mollusk which we 
would least expect to possess a luminous organ. ‘This clam-like 
species Pholas dactylus is a form that buries deep in hard mud 
and soft stone or rotted wood and lives deep below the surface. 
It is possessed of a long, extensible siphon which it protrudes up 
through the ground until its tip opens at the surface and is used 
to provide the creature with an incurrent and an excurrent 
stream of water bearing the life-giving oxygen and the food 
supply of diatoms and other small plants and animals, 

When this mollusk is opened, it is found that it possesses 
three pairs of well-developed, simple, and very powerful light 
Each organ consists of a modified region 


organs (see Fig. 10). 
of the integument, and they are distributed as follows: One pair 
exists as two long, somewhat narrow strips placed symmetrically 
and laterally on the siphonal septum in the excurrent canal. They 


ras in other similar places. These cil: 
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py two-thirds or more of its length, and are placed nearer 


base than the tip of the siphon. 


1 


\nother pair are two tri- 
eular regions on the outer 


sides of the two retractor muscles, 
re they become part of the body mass. The third are long, 
v organs found on the inner edge of the mantle and touch- 
each other by their median ends so that they form a single 
bent into a roughly horse-shoe-shaped torm that partly sur- 
inds the foot opening. Fig. 10 shows the general position 
lese Organs as seen in the dark after the 


inimal has been cut 
and its shell spread somewhat apart 

structure all these organs are almost alike. The integu- 
thickened at this point, and the simple epithelium that 


Fic. 10. 


rs all parts of the body is modified at this point so that it 
ists of three layers (see Figs. 11 and 12). ‘The first and 
r layer is made up of the original long, simple epithelial cells 
his region slightly modified. They are somewhat longer than 
and the cilia that they bear have become over twice as 


i each emerge from the 
from ; oT; le listal “f and px hrouegt 
rom a tiny granule in its distal surface and pass througn 


+49) 


n, delicate cuticle to the outside. 


119 
iC] 


Inside the cell they have 
rod-like, protoplasmic continuations such as have so 


been described in ciliated cells. ‘These structures are paral- 


xcept where they make room for the nucleus. 
The next layer of the organ lies just | 


low this and is made 
f a mass of unicellular glands more or less massed together 


with their distal ends prolonged into long, thin ducts that 


between the epithelial cells and open to the exterior (see Fig. 
\ good-sized nucleus is found in the proximal 


al base of this 


(3.8%. 
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cell, and its body is mostly taken up by the secretion, which is 
a vacuolated mass that takes iron hematoxylin, hemalum, muci- 
carmine, and other similar stains deeply, Forster takes the view 
that these cells produce nothing but mucin. The writer is not 
vet willing to admit that such is the case, for reasons which 
will be given later on. 

The third and deepest layer is also a set of unicellular gland- 
cells derived in the same way as the last, from the surface epi- 
thelium, but farther removed from the surface by a greater elon- 
gation of the duct (see Fig. 12). These ducts, of course, pass 
between the mucin cells to effect an outlet through pores between 


1 


the epithelial cells just as the ducts of the mucin cells do. ‘The 


Pholas dactylu I region of luminou me 


1 is organs t 
region of mucin cells. (Outline drawing by E. Grace Whit 


cell bodies are, under normal conditions and when not too much 
crowded, elongate oval in shape. In many cases, where nu- 
merous and especially where filled with much secretion, they be- 
come many sided and, on account of their thin walls, hard to 
distinguish from one another. They average roughly about 
$O microns long in the body and 30 microns wide, while the ducts 
measure from 50 microns to 450 microns, according to the size 
of the organ and in which level of the general light cell layer 
their cell parts are situated. They do not always form a single 


layer, but from the exceptional single row of cells up to as many 
as seven irregular rows deep in the larger organs. Each cell 
shows a single nucleus of irregular outline and containing a 
single body, a combination of plasmosome and chromatin, round 
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id homogeneous. The nuclear membrane is well defined and the 
leus measures about 4.7 microns, while the spherical chromatin- 
osome is very uniformly 2.1 microns in diameter. 
he cytoplasm of the cell is of uniform structure throughout 
shows a series of areas of a homogeneous, apparently fluid 
iterial. his substance is inclosed in the meshes of an alveolum 
firmer and darker-staining material whose spaces are poly- 
in form, much as a mass of soap-bubbles would be. 


rster describes some interesting changes in the contents of 


Pj m 
(Original ds . ng ? Grace White ; 
cell just before it becomes ripe for discharge. .\ccording to 


s account, the contents of the alveoli change from a homogene- 
us, fluid, non-chromatic condition into a series of small and very 
form granules which measure about 3 microns by 2.1 microns 
se granules have a definite structure with an internal core 
n external cortex in which certain dark-staining bodies are 
sent 
\hen fully ripe, Forster shows these granules as entirely 
ng the cell and in contact with the nucleus. This is an unusual 
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condition in a gland-cell of this type, and the more so that each 
cell should show a complete state of ripeness such as is usually 
found only in cells that do not regenerate but die with the dis- 
charge of their ripened contents. That these oval granules are 
the real luciferine would appear to be the case, since they are 
visible as points of light in the discharged secretion. 

Another possibility is that the luciferase is also secreted in 
the lower layer (light cells of Forster) and is discharged through 
the same ducts as the luciferine, the light being inhibited up to the 
time of discharge by the absence of oxygen. In regard to such a 
possibility the writer has often seen a homogeneous non-staining 
material coming up and pouring out of the light cell ducts. The 
finished granules of the secretion show the same staining reac- 
tions that the undoubted light granules of the fire-fly and other 
forms do. 

It is probably due to the comparatively large size and definite 
shape and hardness of these luciferine granules that the light per- 
sists so long in water that comes from the mantle cavity of 
Pholas. If anumber of these mollusks are cut open and washed 
about in a pail of salt water the whole body of water becomes 
brightly luminous and the light persists for some time. If a por- 
tion of the secretion is examined with a low power of the micro- 
scope or with a strong hand lens that light is seen to emanate from 
a multitude of points which represent the freed granules of the 
luciferine. 

\e must here consider the relation of the mucin cells to the 
discharged luciferine granules. If the mucin cells secrete only 
mucin, as suggested by Forster, their use might be easily under- 
stood. Thus, both sets of glands would discharge at the same 
time, and as their ducts open at alternate points, closely inter- 
mingled on the surface of the organ (see Fig. 13), we must 
expect to find the secretions of both mixed with each other. This 
appears to be true, and in that case the rapidly-expanding mucus 
would act as a carrier for the heavy luciferine granules and would 
enable them to be carried out of the excurrent canal with the 
respiratory stream. But we have not thus accounted for the en- 
zyme luciferase which Bubois discovered in this important form. 
Since the luciferase is not present in the animal’s blood, as in the 
case of the fire-fly, and since the combustion takes place outside 


of the body, this enzyme must emerge from the gland in com- 
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ny with the luciferine and exert itself on this substance 1n the 
finished secretion product. ‘The question is, does it discharge 
the light cells as a part of the secretion or in company with 


at 
if 


eranules, or does it come from the so-called mucin cells 
mpany with a true mucus ? 

lhe writer studied these mucous cells in careful preparations 
his own as well as in Forster's figures, and is of the opinion 
the luciferase is a component of the discharge from these 
lor one reason is the fact that numerous other real mucous 


from all over the body of Pholas do not stain lke these 


nd in the luminous organ, And the contained secretion of 

latter cells appears to be a mixture; an alveolum of the blue- 

ing mucin with contained bodies of some non-staining sub- 
FIG. 13 


ter 


that might be the luciferase or the spaces occupied by it in 
living state of the tissues. 
Both of the above views, one inclusive of the other, are pos- 
lities, and the solution of the question forms a most attractive 
lem in the field of animal luminosity 
\Why should an animal that lies buried in a burrow all of its 
fe need luminous organs, and, further, why should it possess 
se organs in a cavity in its body? The only way in which the 
eht could be exposed to the eves of other creatures would be Dy 
rowing the luminous slime up through the excurrent canal of 
siphon, which several observers have stated to be the way that 
es. Further experimental work might be done on this prob- 


f its habits 
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the whole three organs show their light simultaneously upon 
any decided stimulation. ‘his is difficult to observe, because one 
has to injure the animal seriously in order to expose the six organs 
to the eve. \Vhen opened, however, an hour or less of rest in salt 
water or in a moist chamber at the natural temperature of the sea 
from which the organisms were taken will reduce the luminous 
organs to quiescence, and one can then perform stimulation ex- 
periments and study the light. 

lorster made a careful study of the nerves that come to the 
luminous tissues and found all the light organs to be well supplied 
with large stems that branched out and sent their fine twigs into 
the tissue of the organ. The exact termination of these nerves, 
however, was not described: whether each cell of the two layers 
was provided with a means of being stimulated to discharge its 
contents, or whether the cells did not connect with the nerve, but 
the latter ended on muscle-fibres which could contract and squeeze 
the entire organ so as to press out the secretion. While both of 
these methods seem possible, the writer thinks that each cell is 
probably provided with a nerve-ending to enable it to discharge 
when the general signal is sent out from the central ganglion. 
itor would open a Pholas, cut the nerve-trunks on 


[f some investigs 
hen experiment with both mechanical pressures 


one side, and 
and stimulations of the nerve ganglia, this question ought to be 
easily solved. 

(he color of the light in Pholas is ordinarily greenish or 
ereenish-blue as seen in the majority of luminous animals. 


(To be continued.) 


Incandescent Electric Headlight Equipment. .\Non. ( Kail- 
way .lge Gazette, vol. 66, No. 7, February 18, 1916.)—During the 
past few years the Schroeder Headlight Company, of Evansville, 
Ind., has given much attention to the development of incandescent 
electric headlight equipment to meet the growing demand for head- 
lights of this type. At the present time it has on the market three 
types of equipment, namely, the 6-volt turbo-generator, having a 
capacity of 150 watts, and two 32-volt generators having capacities 
of 350 watts and 1000 watts respectively. The 32-volt, 350 watt 
system has been the most extensively used up to the present time, and 
has already been made standard on some roads. According to the 
report of a road operating in the middle West, the average cost of 


operation is $11.54 per machine per vear. 
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MEMORANDUM ON OPPORTUNITIES FOR THE FRANKLIN 
INSTITUTE IN CONNECTION WITH AMERICAN 
LABORATORIES. 


Kk. B. Owens, Ieditor, 
‘ranklin Institute. 
ar Dr. Owens 
When The Franklin Institute was founded, in 1824, for the 
stering of the mechanic arts, only a very few laboratories existed 
\merica for research in applied science. .\t the present time 
here are many such laboratories, and their number ts steadily 
creasing. .\lmost every technical school in the country maintains 
laboratory or laboratories, and in most of these research 1s 
irried on, leading to results which tind a published record. 
[he existing American laboratories for work in engineering 
f various types, from the national laboratories of the United 
sureau of Standards and other government departments 


States | 
the little establishments of private amateurs; but, from the 


tandpoint of this memorandum, they may all be divided into two 
reat classes; namely, 
Mirst. Those that either publish or attempt to publish their 
sults. 
md. “Those that make no attempt to publish their results. 
he first class is essentially an asset to the nation and to the 
rld. The second class is essentially an asset to individuals, or 
restricted groups of individuals. The suggestions here sub- 
\itted have reference only to the first class. No consideration is 
here given to the second or mute class of laboratories, which are 
mainly elements in purely commercial organizations. ‘These have 
creat and proper value, but are in a class apart. 
The idea which it is desired to express in this memorandum 
is that The Franklin Institute is, by its history, position, and 
harter, peculiarly capable of fulfilling its functions and aiding the 
cause of American engineering by paying particular attention to 
the work of American engineering laboratories in the first class 
entioned above. It is here assumed that a broad interpretation 
401 
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of the term ** mechanic arts,” as this was used in Franklin’s time, 
would include not only all engineering, but also industrial chemis- 
try, economics, and applied science generally. 

[f we consider the work of the various American applied- 
science laboratories to-day, we find that work is going on healthily 
in each, as a separate point source. Each laboratory, as a rule, 
works for and in itself, as though it were the only one in the 
country. It is almost self-evident that the collective output would 
be improved and the cause of engineering advanced if these 
various laboratories could be coordinated, without repressing their 
individual initiative. What is desirable is such a coordination 
and co6peration between the various laboratories as should inten- 
sify their work systematically, without imposing on them either 
hindering restrictions or burdensome expense. 

There are at least four ways in which The Franklin Institute 
can assist the .\merican engineering laboratories taken collec- 
tively: 

1. By giving publication, so far as it can, to the results reached 
in these laboratories. It does this, as I understand it, already 

2. By suggesting subjects for research to such laboratories as 
seem best suited for them. 

3. Inviting subjects from the industries, and grants for the 
expenses of research. 

4. By encouraging mutual understanding between the labora- 
tories. 

Theoretically, the American laboratory combination should 
benefit, both in individual units and collectively, by the growth of 
specialism, so far as it can be carried without disadvantage. For 
example, the Bureau of Standards has particular duties in regard 
to precision of research, and this calls for specialization of that 
type. It would probably be a great mistake for the average 
engineering laboratory to attempt a like degree of precision in its 
measurements. This specialty of the Bureau should be recognized 
and encouraged. Again, it is a pity to find a number of labora- 
tories all engaging on the same subject of investigation, and none 
of them engaging on other equally important subjects. The 
Franklin Institute cannot prevent such bad distribution of labor. 
It can, however, make such suggestions as will commend them- 
selves by their reasonableness, and, when a particular laboratory 


develops a specialty on its own account, advantage can be taken 
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of this to emphasize and recognize that specialty. A very large 
boratory can maintain the luxury of a number of simultaneous 
pecialties ; but a very small laboratory can only expect to do good 
rk in one at a time. 
he national and local benefits which are derivable from a closer 
rdination and cooperation between American engineering lab- 
ratories will tend to assert themselves, if the proper psychological 
ditions be produced. That is, if The Franklin Institute can 
eed in conveying the idea to the workers in the various labora- 
es that, whether they wish it or no, they form an essential 
llective entity, on which the progress of the country greatly 
pends, the laboratories will surely conform more or less to that 
ea, and work towards that progress, either consciously or uncon- 
usly. If the motion can be fostered that the heartiest and 
st effective of competition is one which benefits the collective 
tity, acrimonious competition, where it may exist, would give 
ce to a generous and stimulative emulation. These ideas can 
disseminated either by editorial articles in the JOURNAL or by 
rsonal communication, or by both means, the object being to 
or the collective advantage, and not the advantage of any single 


boratory in the collection. 

Che ideal system, if it could be obtained, would perhaps be one 
vhich the various laboratories were finally united in some very 
nple, flexible organization for promoting mutual activity. [ach 
uld tend to develop a certain specialty or group of specialties, 
nd students seeking information or research along those special- 
es would select particular laboratories for this purpose. But 
» rule should be laid down to attempt enforcing any specialty 
pon any laboratory, or the maintenance of a specialty where that 
aintenance became a burden. The natural tendency to specialize 
should merely be recognized and encouraged. The inevitable 
reward would be the rate of growth in results along the selected 
lines of work, which would naturally be greater, in the long run, 
han where the efforts were scattered. The individual laboratories 
n the organization would naturally ask that questions on their 
‘-hosen lines should be sent to them. If too many elected one 
ind the same subject, they would soon recognize that the fair 
division of material among so many prevented each from making 
rapid progress ; and so the tendency of reduplicating unnecessarily 

should be automatically checked. 
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It will probably take a long time to bring about an organized 
system of cooperation between the laboratories ; but The Franklin 
Institute, if it sets itself to the task of fostering the movement 
impartially, is in a specially advantageous position to bring it 
about. In just so far as its aims would meet with success should 
this success benefit and redound to the credit of the Institute, 
which has nothing to lose if it does not succeed, and much to gain 
if it does not fail. The money expenses of the undertaking in its 
initial stages need only be very small. The effort would be princi- 
pally intellectual and individual. If the movement, however, were 
to gain headway, the expenses should readily be met. Thus, if 
the engineering industries desired certain investigations made, 
they would be likely to apply to the Institute as the clearing-house, 
and offer, when necessary, a certain sum to defray the expenses. 
It is assumed that the information desired is outside the province 
of either consulting engineering, on the one hand, or of the 
standard testing laboratories, on the other. The Institute would 
then refer the matter to the laboratory committee, so as to have it 
assigned to the laboratories best fitted to take up the inquiry. If 
no laboratory volunteered, no harm would be done. If a labora- 
tory took the matter up, the results, so far as they were attained 
would be published in the JOURNAL, at least in abstract, and com- 
municated in cvtenso to the industry. The all-essential requisite 
» the procedure would be that it should be conducted impartially 
and for the collective welfare of both the laboratories and of the 
industry. 

In a certain sense, the ideas here suggested have no novelty, 
because the Institute has for vears been doing the sort of thing 
contemplated. In offering the Boyden Premium, for instance, the 
Institute has already acted in such a capacity as these ideas would 
indicate. The novelty, if any then, lies in executing with greater 
emphasis and earnestness a long-existing policy, looking for 
evolution and coordination towards effectiveness and public 
welfare. 

Respectfully submitted, 


(Signed) A. E. KENNELLY, 
Life Member. 
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A STUDY OF INSTRUMENTS FOR MEASURING RADIANT 
ENERGY IN ABSOLUTE VALUE: AN ABSOLUTE 
THERMOPILE.! 


By W. W. Coblentz and W. B. Emerson. 


THE PRESENT STATUS OF THE DETERMINATION OF THE 
CONSTANT OF TOTAL RADIATION OF A BLACK BODY.- 


By W. W. Coblentz. 


| ABS TRAC 


[ik first paper gives the results of an investigation of the 
behavior of a bismuth-silver thermopile suitably modified to 
measure radiant energy in absolute value. Instead of exposing 
the thermopile directly to the incident radiation, a blackened metal 

ip intervenes. This metal strip functions (1) as a receiver 
r absorbing radiant energy, (2) as a source of radiations (by 
ting it electrically) which may be evaluated in absolute meas- 


ire, and, by using a constant current for heating the strip, (3) 
standard source of radiation for testing the sensitivity of 
liometer, which includes both galvonometer and thermopile 
(he present investigation relates to 13 receivers, made ot 
nganin, therlo, and platinum, differing in width from 2.5 to 

S$ mm. and in thickness from less than 0.001 mm. tor platinum 
.O11 mm. for manganin. The manganin and therlo receivers 
vere painted with a thick coat of lamp-black, then smoked. The 


platinum receivers were covered with platinum black and atter- 
ards smoked. In this manner (the same values being obtained 
the two cases) it was shown that there is but little difference 
the reflecting power of these two kinds of absorbing surfaces. 
he method of operation is unsymmetrical in that when the 
receiver is exposed to radiation the heating is produced in the 
mp-black surface, while in passing an electrical current through 
Communicated by the Director. 
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the strip the heat is generated within the receiver. However, 
from the data obtained with receivers differing 10 times in thick- 
ness and covered with different kinds and thicknesses of absorb- 
ing material it appears that the manner of heating the receiver 
has but little effect upon the final result. 

l‘or any one receiver, operated under different conditions, the 
precision attained is usually much better than 1 per cent. For 
the different receivers the maximum range in the value of the 
radiation constant, which was caused by two receivers giving 
high values, is of the order of 3.5 to 4 per cent. Excluding these 
two receivers, the range of values tor the different receivers 
is of the order of 1.5 to 2 percent. ‘This seems to be independent 
of the length and width of the receiver, and of the kind of 
slits used. 

The accuracy attained with this method of evaluating energy 
in absolute measure, as estimated from the departure of individ- 
ual determinations from the mean value, appears to be of the 
order of 1 per cent. ‘To this extent one can consider the present 
device a primary instrument for evaluating radiant energy in 
absolute measure. 

Che device commends itself as an instrument of precision 
because of its quickness of action, its freedom of surrounding 
conditions, its high sensitivity, and its simplicity of operation 
It can be designed to suit the equipment of the average labora- 
tory. The device can be much simplified and used as a radiation 
pyrometer, and in practice it is advisable to calibrate the receiver 
by exposing it to a black body heated to about tooo”, when it 
is desired to make refined radiation measurements. 

The loss of energy by diffuse reflection from the blackened 
surface of the receiver was investigated, and it was found that 
there was but little difference in the reflecting power of the differ- 
ent surfaces examined. 

The second paper gives a summary of the methods used and 
the values of the constant of total radiation obtained by various 
observers. Corrections, for losses by reflection, for atmospheric 
absorption, and for lack of blackness of the radiator were applied 
\fter making these corrections to the most reliable measurements 
the large variations in the radiation constant had disappeared, 


giving a value of the coefficient which is of the order of o= 5.; 


ro? watt, per cm.” per deg *. 
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This paper gives also the correction (about 1 per cent.) for 
lack of * blackness’ of the radiations from an unpainted porce- 
tube radiator and for the atmospheric absorption in 1.2 m. 
f air containing a determined amount of water vapor, the radia- 
r being at about 1050° C. 
The data obtained in Part I of this paper are corrected for 
losses by diffuse reflection from the receiver and combined to 
ve a value of the coefficient (the so-called Stefan-Boltzmann 
mstant) of total radiation from a black body. ‘The correction 
ipplied to all the data for diffuse reflection is taken as being 1.5 
er cent. This correction may be 0.1 to 0.3 per cent. too high 
for lamp-black, but it will eliminate, in part, atmospheric absorp- 
m and the possible lack of blackness of the radiator. 
The mean value of the radiation constant (corrected by 1.5 
per cent.), as determined by 12 receivers, and representing 348 


irs of measurements, is: 


o= 5.77 x 10°** watt cm.* deg.* 


If we exclude receivers Nos. 8 and 9, which is permissible 
view of the fact that they were known to be defective, the 
alue of the coefficient of total radiation, representing the mean 


304 pairs of determinations, is 


l 4 


o= 5.74 x 10°'* watt cm.* deg. 

hich is but little smaller than the value obtained for all the 
receivers. All the determinations are given the same weight in 
finding the mean value. Each tabulated value represents two 
sets of measurements, each one of which is a complete determina- 
ion, consisting of 5 to 10 or more readings when the receiver 
was heated electrically and when it was heated radiometrically. 
‘rom the data at hand it appears that the value of the radiation 


stant is of the order of 


1x 10°'? watt cm.* deg. 
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THE PREPARATION OF PURE IRON AND IRON-CARBON 
ALLOYS.* 


By J. R. Cain, E. Schramm, and H. E. Cleaves. 


lr is shown that previous work on the iron-carbon diagram 
is unsatisfactory because of the great uncertainty of chemical 
composition of the materials used. It was therefore thought 
necessary to produce a series of alloys of great purity to form the 
basis of a redetermination of the diagram at the Bureau of 


Standards. ‘The general method pursued consisted in melting 
electrolytic iron with sugar carbon in magnesia crucibles. The 


electrolytic iron was prepared from ingot iron anodes in a chloride 
bath with or without the use of porous cups. ‘The operation of 
melting the iron with carbon gave great trouble at first, because 
the ingots obtained were full of blow-holes and contained con- 
siderable quantities of impurities. The difficulties were overcome 
by melting in a vacuum furnace, and making crucibles of espe- 
cially pure magnesia, made and calcined with great care at the 
Bureau of Standards. A satisfactory procedure was finally 
worked out and a series of alloys prepared of the composition 


e ( 99.900 per cent. 


i 


THE COLORIMETRIC DETERMINATION OF ACETYLENE AND 
ITS APPLICATION TO THE DETERMINATION OF WATER. 


By E. R. Weaver. 


\ COLORIMETRIC method for the detection of small amounts 
‘f acetylene has been developed in the course of an investigation 
upon the determination of small amounts of water by the use 
f calcium carbide. ‘The results upon the quantitative determina- 

m of water have not been satisfactory, but a simple and very 
sensitive qualitative test for water is easily made. 

The method for the determination of acetylene has been 
worked out successfully. The determination is made by con 
ducting the gas to be investigated into an ammoniacal solution 
of cuprous chloride containing gelatine and alcohol, and com- 
paring the red colloidal solution so obtained with a_ suitable 


* Scientific Paper No. 266. 
Pp r No. 267. 
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andard, which may be either a solution of red dye or a piece 
ruby glass. 

\ftter a careful investigation of the effect of varying the 

position of the absorbing solution, the following procedure 
s adopted in making up the solution: Dissolve 0.25 Gm. ot 
latine in hot water, dilute to 500 c.c. and add 500 c.c. of 95 
‘cent. alcohol, and 1.25 Gm. ot hydroxylamine hydrochloride. 
» 20 c.c. of this solution add 1o c.c. of concentrated ammonium 
droxide and a small amount of cuprous chloride. After the 
sorption of the acetylene, the solution is diluted to 100 c.c. 
| compared in a calorimeter with the standard which has been 
osen. lhe standard used in the experimental work was a 
lution containing chromanilbraun Rk, carmoisine Bb, and gum 
ibic. A more convenient, though less accurate, standard is 
fixed depth of a solution of azolitmin. If 10 cm. of a solution 
azolitmin containing 1 part of the dye to 2500 parts of water 

s used as standard, the amount of acetylene in 100 c.c. of col- 

loidal solution may be calculated from the equation X =0.13y, 

ere \ = No. of milligrammes of acetylene, and y= 1, No. em 
loidal solution required to match the standard. 

‘he method is very sensitive. Amounts of acetylene as small 
0.03 mg. may be detected, and amounts up to 2 mg. may be 
termined with an accuracy of better than 0.05 mg. 

Hydrogen sulphide and large amounts of oxygen and carbon 
xide interfere with the test, but all of these may be removed 
passing the gas to be tested through a hot alkaline solution of 

gallol without loss of acetylene. 

qualitative test for water, sensitive to less than 0.1 mg., 
be very easily and quickly made by bringing the substance 
be tested into contact with calcium carbide in the presence of a 
vent for acetylene, which is then decanted or distilled into 
n ammoniacal solution of cuprous chloride. Nearly all the com- 
n organic liquids are suitable for use if carefully dried. The 
ethod is applicable to a great variety of substances, and espe- 
illy to volatile organic compounds. The only compounds known ' 
interfere with the test are the stronger acids and substances, 
h as hydrogen sulphide, which precipitate cuprous salts from 


The investigation required some experiments upon the deter- 
] 


nation of larger amounts of acetylene by precipitation with 
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cuprous chloride and subsequent determination of the copper. It 
was found that in order to obtain accurate results by this method 
it is absolutely necessary to carry out the filtration and washing 
of the precipitate in the absence of air. 


MODERN PRACTICE IN THE CONSTRUCTION AND MAINTE- 
NANCE OF RAIL JOINTS AND BONDS IN ELECTRIC RAIL- 
WAYS.* 

By E. R. Shepard. 


[x connection with the study of electrolysis and electrolysis 
mitigation the attention of the Bureau of Standards has been called 
to the past and present high rate of rail joint and rail bond tailures 
and the consequence of such failures upon the electrolysis condi- 
tions throughout the country. With the idea of collecting infor- 
mation on the best present-day practices of bonding tracks a cir- 
cular letter was prepared and copies were sent to 130 operating 
companies. ‘The letter asked for information as to the number and 
types of bonds and joints in use and for the average life and causes 
of failure of each type; also for the manner and time of testing 
bonds and the criterion for replacement. Other questions of 
minor importance were also included. 

The present paper is largely a compilation of the data sub- 
mitted by 42 companies answering the inquiries, and also includes 
information collected by a representative of the Bureau who spent 
five weeks in the field and visited upward of fifty companies in the 
interest of the investigation. 

\n historical and descriptive discussion of the various types 
of modern bonds and joints is followed by a compilation and 
analysis of all available information on each type. Among the 
principal features brought out in the analysis of the data are the 
following : 

Soldered bonds of all types are falling into disuse. A few 
companies, however, employing thoroughly experienced and care- 
ful workmen still continue to use them. 

A large percentage of the many rail bond failures in past 
years has been the result of imperfect methods of manufacture 
and of ignorance and carelessness in installation. 


* Technologic Paper No. 62. 
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Practically all types of modern bonds, when selected to meet 
local conditions and installed according to the best modern prac- 
tices, will give satisfactory results with an almost negligible per- 
centage of failures on joints which are properly maintained. 

No one type of bond can be said to be better than all other 
pes. Each has its advantages and disadvantages, and the selec- 
m of a bond for any particular service should be governed by 

the type of construction on which it is to be used, the grade of 
labor available for installation, and upon numerous other local 
mnditions. 

The problem of rail bond maintenance is largely that of joint 
maintenance. No bond can be expected to last continuously 

n a loose and poorly-supported rail joint. 

The surfacing of all newly-installed joints and the tightening 
‘f all bolts soon after installation and at regular intervals there- 
after will do much to prevent loosening of joints and cupping 
of rails. 

[Improved bolts having a high elastic limit and a great ultimate 
strength appear to be giving excellent results, and their universal 
adoption is recommended on all new work. 

Difficulty has been experienced in obtaining sufficient room 

r concealed bonds, particularly on the smaller rails. This 
lificulty has been largely overcome in several of the improved 
patent joints now on the market. It is recommended that bonds 
and joint plates be selected only after laying out a section of the 
joint on the drawing-board and providing a proper clearance for 
the bonds. 

lhe life of concealed bonds on exposed rails is much shorter 
than on rails in city streets, owing to the expansion and con- 
traction in the joint on the former type of construction. Such 
expansion and contraction can be overcome by the use of improved 
mechanical joints, supplemented by expansion joints at regular 
intervals. It is believed that such construction would prove itself 
to be of ultimate economy, and is recommended, at least on an 
experimental basis. 

Both the compressed terminal and the pin terminal types of 
bonds are giving excellent results where proper attention is 
given to their installation. The former type requires more care 

the expansion of the terminal, while the latter type requires 
ereater accuracy in the drilling of the holes. Each has its 
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peculiarities and should be selected only after due consideration 
to local conditions. 

A strict adherence to the code of bonding rules given in 
Richey’s Electric Railway Handbook is recommended. 

Stranded bonds appear to be giving better satisfaction than 
ribbon bonds, as the conductors of the latter type are more easily 
separated and broken. Exposed ribbon bonds should have a clip 
or band at the centre of the bond to prevent this separation of 
the conductors. 

The use of solder in connection with the application of 
mechanically-applied bonds will undoubtedly add to their lite if 
the work is carefully performed. Its use, however, does not 
always appear to be justified, as good results under modern con- 
ditions can be obtained without it. Its use should depend en- 
tirely upon local conditions. 

The use of tinned terminals and plastic alloys in connection 
with mechanically-applied bonds appears to be a good practice. 
Their use is recommended where trouble from corrosion of 
terminals has been experienced. 

Mechanically-applied head bonds are comparatively modern 
and are therefore more or less in the experimental stage. How- 
ever, their use is increasing, and in most installations they appear 
to be giving fairly satisfactory results. They are short, cheap, 
and easily installed. ‘Their contact resistance appears to increase 
with time, but not ordinarily to the point of failure. When 
installed in city streets they are subjected to vehicle traffic, and 
some failures must be expected. 

Klectrically-welded bonds have a low and permanent contact 
resistance. Theft of this type is difficult, and, owing to the 
shortness of the bond and its tenacious contact, has been reduced 
toaminimum. Failures of the head bond from the breaking of 
ribbons have been quite prevalent, but are being reduced by a 
modification in the design of the bond. 

Welded joints are being used more than ever before, but 
there is also a growing tendency to adopt improved mechanical 
joints and various forms of special joints, several of which are 
a combination of welded and bolted or welded and riveted joints. 
These special joints seem to be meeting the demands of service 
with fewer failures and better results generally than any of the 


standard types. 
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Power economy alone will not justify the best modern prac- 
in bonding. Such practice, however, is justified and strongly 
mmended from the standpoint of good voltage conditions 
the return circuit, which not only make for good electrolysis 
nditions, but also for satisfactory operation. ‘The present 
ictice of basing the criterion for bond replacements upon a 
int resistance which is defined in terms of the resistance of a 
ven length of adjacent rail is shown to be somewhat irrational, 
wing to its simplicity and ease of application the continua- 
of the practice is recommended. Irom six to ten feet of 
il as the limiting resistance for rail joints is shown to represent 

«1 practice, and it is recommended that these figures be not 

eeded under ordinary conditions. 

Che paper calls attention to the fact that the problem of 
track bonding is in a state of evolution. New inventions and 
improvements in methods and practices have been so frequent 
luring recent vears that many types of bonds and joints can still 

said to be in the experimental stage. Carefully-kept records 

da free interchange of experiences on the part of the operating 
ipanies will do much toward the establishment of definite and 
ndard practice in this particular field 


he paper contains 34 figures. 


THE LEAKAGE OF CURRENT FROM ELECTRIC RAILWAYS.* 


In this paper the theory of the leakage of current from elec- 
: railway tracks is developed mathematically. 

\ssuming, first, a single track of uniform construction, and, 
ter, a track whose sections vary in conductivity, leakage resis- 
nce, and loading, the effects of rail and leakage resistance and 
the length of the line on the distribution and amount of leak- 
ve current are calculated for systems with both grounded and 
ngrounded negative buses. 

Curves are plotted showing the effects of the principal varia- 
les in the formulas developed. The conclusions with respect to 
electrolysis to be drawn from the formulas and curves are dis- 
ussed and tabulated. The paper contains 14 figures. 
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THE DETERMINATION OF OIL AND RESIN IN VARNISH.* 
By E. W. Boughton. 

IxistiNG methods can be classified as follows: (1) calcula- 
tion of the oil content from the determined glycerol yield; (2) 
separation by the use of solvents; and (3) esterification methods, 
some of which include separation of oil and “ gum”’ by petro- 
leum ether. It is shown that method (1) gives fairly good results 
except with varnish that contains Chinese wood oil. The follow- 
ing methods under (2) were investigated: precipitation of the 
‘gum’ by petroleum ether, extraction of oxidized films with 
chloroform to separate oil and resin, and a combination of these 
steps. These methods gave poor results. Petroleum ether only 
partially precipitated the “ gum ”’ and precipitated some oil. Only 
a part of the resin in films containing resin and oxidized oil was 
extracted by chloroform. Esterification methods which include 
the use of petroleum ether gave poor results with spar varnish, 
due to precipitation of oil. With “ short oil” varnish they gave 
good results for total oil and total resin, but the “ gum” was 
only partially precipitated by petroleum ether, the soluble portion 
being separated from the oil by esterification. A method is pro- 
posed which includes esterification by the Twitchell or Wolff 
methods, ethyl ether being used as solvent after esterification. 
Since some resinous matter is weighed as fatty acids, a factor 
is used to correct the results. The greatest error in the average 
results by the proposed method was 2.2 per cent., expressed as 
percentage of the varnish. 


DETERMINATION OF CARBON IN STEELS AND IRONS BY 
DIRECT COMBUSTION IN OXYGEN AT HIGH TEMPERA- 
TURES.+ 

By J. R. Cain and H. E. Cleaves. 
[ ABSTRACT. ] 

A METHOD has been devised for the determination of carbon 
in steels and irons by direct combustion in oxygen at 950° to 
1100° C., finishing above 1450°, so that the oxides of iron are 
kept fused for several minutes, in order to give the best possible 


* Technologic Paper No. 65. 
+ Technologic Paper No. 60. 
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chance for liberating all the carbon. This method was tested 
by analyzing various types of plain carbon and alloy steel stand- 
‘ds of the Bureau and some of the pig-iron standards, and the 
results obtained for carbon in this way were in the mean about 


0.01 per cent. carbon above the certificate averages. 


THE TESTING OF HYDROMETERS.* 


He circular contains specifications for hydrometers, and 
formation and instructions concerning their test. The new 
on is not essentially different from the last, only minor addi- 


is and corrections having been made. 


An Immense Deposit of Magnesite in Southern Nevada. A Non. 
(U.S. Geological Survey Press Bulletin, No. 259, February, 1916. )— 
\ massive deposit of magnesite of unusual character that has recently 
been brought to the attention of the United States Geological Survey 
promises to yield a large and readily available supply of this material. 
Che deposit lies in Clark County, Nev., in the valley of Muddy River, 
one of the tributaries of Virgin River, a few miles above the town of 
St. Thomas. The material has been known for some time as kaolin, 
ind successful experiments for utilizing it as a porcelain clay are 
reported to have been made, though they have not yet resulted in the 
( xploitation of the deposit. The recognized outcrops have been 
located as mining claims, and some preliminary exploration and 
development work has been done. A side track on the St. Thomas 
branch of the San Pedro, Los Angeles and Salt Lake Railroad, about 
hree miles northeast of the northernmost group of claims, offers a 
readily available railroad connection, and the station has been named 
Kaolin, from this deposit. 

Che so-called kaolin is stated by the Geological Survey to be in 

t magnesite, a part of a regularly stratified series of sedimentary 
strata exposed by stream channels that cut across a low ridge at the 
upper edge of Muddy Valley. The deposit forms a chalky-looking 
bluff, dazzlingly white in the bright sunlight. The material is porce- 
lain-white, fine grained, and massive, is remarkably free from foreign 
material, but is not so hard as the more typical magnesite, and 
crumbles more rapidly on exposure to the weather. 

lhe length at the surface of the magnesite deposit seems to be 
mile at least, and the purer part of the deposit consists of beds 
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aggregating at least 200 feet in thickness. Within the section of 
urer material there are a few bands of sandy matter, but these are 
ninor in amount and could undoubtedly be avoided in mining. The 
new deposits are so large and so readily accessible that they may 
form a valuable source of magnesite. 
lhe greater part of the California magnesite is used in the manu- 
icture of wood-pulp paper on the Pacific coast. Magnesite is 
coming into use in the manufacture of cement for floors, for artificial 
narble and tile, and to a certain extent as a stucco for exterior finish, 
Carlen dioxide is manufactured from raw magnesite, and the use of 
finely-ground caustic calcined magnesite in fire-retarding paint is now 
one of its important applications. The larger buildings of the 
Panama-lacific Exposition, as well as other buildings on the expo 
sition grounds, were treated with a fireproofing and damp-proofing 
magnesia paint. 


I 
! 


The Stored Energy of the Submarine. ANoN. (Scientific 
lerican, vol. cxiv, No. 7, kebruary 12, 1916.)—Although the idea 
of ‘underwater attack dates back to the Revolutionary War, it was 
not until the storage battery was perfected that the submarine became 
a practical weapon of war. However formidable in attack it may be, 
it is a relatively frail craft whose only refuge is the sea, under whose 
loak it may lurk in wait for the enemy, and in whose depths it 
may hide after it has hurled its bolt. It can live only by stealth, and 
so, in order to steal through the water without awakening a suspicion 
of its presence, it must be equipped with a propelling power that is 
noiseless and leaves no visible trace of its operation. The storage 
battery and the motor it energizes are almost ideally suited to the 
requirements of the submarine, for they are silent and practically 
heatless, leaving no trail of bubbles to betray the presence of the 
submerged vessel. 

The battery for our large new submarines consists of two units 
of 60 cells each, and the space occupied by each unit is about 12 feet 
long by 12 feet wide by 50 inches high. The two units are usually 
separated by a bulkhead. A complete battery of two units will weigh 
between 60 and 70 tons and their capacity will be approximately 3000 
ampére-hours. 

In the earlier days of the submarine it was not realized that a 
special form of battery was required for this use. At first the batter- 
ies were of the open-type construction; that is, the individual cells 
had no covers. Now submarine batteries are carefully sealed so that 
the electrolyte can never spill and so that salt water cannot enter the 
cell and come into contact with the sulphuric acid of the electrolyte 
and produce chlorine gas. In the latest type of battery each indi- 
vidual cell is sealed. Unfortunately it is impossible to seal a storage 
battery absolutely, for both in charging and discharging it generates 
hydrogen and oxygen. These must be carried off and dissipated in 
the hold of the vessel. 
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THE TRUE TEMPERATURE SCALE FOR TUNGSTEN AND ITS 
EMISSIVE POWERS AT INCANDESCENT TEMPERATURES. 
By A. G. Worthing. 

HE experimental part of the work here reported consisted 
easuring the brightness of an incandescent, hollow, cylin- 
cal, tungsten filament perforated with small holes and mounted 
a large lamp bulb. Such determinations were first made for a 

- and then for the adjacent surface. ‘The ratio of the latter 
rightness to the former, when corrected for the difference in 


temperature between the interior and the surface and for the 
departure from blackness of the radiation from the interior due 
» the presence of the small hole and any lack of symmetry in the 
lament temperature distribution, gives the emissive power for the 
substance at the surface temperature. Because the radiation from 
esten deviates from Lambert’s cosine law, the emissive power 
has in the present work been so limited as to refer only to that 
radiation which leaves the surface normally. 
Black-body temperatures were obtained by comparing the 
bserved brightness, with the aid of Wien’s radiation formula, 
ith that of a black body at the palladium point. The true tem- 
‘rature scale consists of the relation thus found between the 


black-body temperature of the filament surface and that of the 
ljacent hole; i.c., the true temperature of the filament. 

\ linear relation was found between emissive powers and true 
peratures for the region 1200° K. to 3200° K. such that the 
issive powers for the two limiting temperatures were respec- 

ively 0.467 and 0.406. The uncertainty in these values should 
be much over 1 per cent. The respective corresponding dif- 
ferences between the red (A =0.666) black-body temperatures 
d the true temperatures are 33° and 375 
Measurements were attempted on the tungsten are much after 
the manner described by Langmuir. Due to large temperature 
eradients across the molten tungsten, no satisfactory determina- 
* Communicated by the Director. 
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tions could be made of the emissive power. However, it was 
noticed, contrary to what was concluded by Langmuir, that the 
brightnesses of molten and of solid tungsten at the melting-point 
are nearly identical. Assuming the linear relation between emis- 
sive power and temperature for solid tungsten to continue up to 
the melting-point, it follows that this occurs at 3630° K. This 
corresponds to a red black-body temperature of 3140° K. and an 
emissive power of 0.390. 

Though the results given above are believed to be dependable 
within reasonable uncertainties of measurement, further verifi- 
cation with other filaments will be attempted previous to the publi- 
cation of the completed paper. 


“COLOR TEMPERATURE” SCALES FOR TUNGSTEN 
AND CARBON. 
By E. P. Hyde, F. E. Cady, and W. E. Forsythe. 

By “ color temperature” of a solid body radiating by virtue 
of its temperature is meant that temperature of a black body at 
which its radiation matches in color that of the solid body in 
question, provided the radiation from the latter is such that a 
color match may be obtained. If this is not possible, then the color 
temperature is that temperature of the black body at which the 
radiation from the latter has the same relative intensities of emis- 
sion in two chosen wave-lengths as that from the solid body. It 
has been shown in previous papers by one of the authors and 
others that very approximate color matches may be obtained 
in the case of such substances as carbon, tantalum, tungsten, 
osmium, and platinum. Moreover, making a simple and very 
probable assumption, it was shown to follow that for the metals 
studied the color temperature gives an upper limit, just as the 
ordinary so-called black body temperature gives a lower limit to 
the true temperature of the radiating metal. 

In the present investigation the color temperature of tungsten 


is accurately determined by comparison with an electrically-heated 
carbon tube furnace, and this color temperature scale is compared 
with the black-body temperature scale and with the true tempera- 
ture scale of tungsten, as determined by Worthing. The relation 
is also established between the color temperature and the specific 
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output in lumens per watt radiated by the tungsten filament. It 


found that the color temperature scale, which accurately and 
readily defines the temperature of radiating tungsten, 1s very 


ich closer to the true temperature scale than the so-called black- 


scale which has been used generally in the past. Untreated 


bon, as in the untreated carbon filament lamps, has also been 


idied, though with less precision, as the non-uniformity of fila- 


t temperature and the variations in radiating properties of 
erent allotropic forms of carbon did not warrant a more 
rate study. Moreover, for carbon, no true temperature values 
determined, as a satisfactory scale of true temperatures was 
available. 


} 


he principal results for tungsten are summarized in Table I, 


cessary corrections for bulb absorption, etc., having been 

(he corresponding values for untreated carbon, with the 
eption of the values of true temperature, are given in Table I] 
The following mean relations between the color temperature 

| the total radiation, measured as watts, with all necessary cor- 

ns, were determined: 
at 
For untreated carbon, = 27 


le is tl 


For tungsten /: 


hich FE: otal radiation and 


| B being constants 


is the t 


TABLE |] 
Output, ¢ ) body, and True lemperatures for a 
sten Lamp 
Black-bod 
temperatu 
€ A 0.6005; é 
1763. K 1627° K 729° K 
1917 1753 1875 
2 2025 1840 1970 
{ 100 19000 2050 
21790 1 QO7 2125 
223) 2017 2184 
7 »200 2062 2238 
5 2335 2102 2286 
8.275 2350 2113 2299 
9 2383 2140 2332 
10 2425 2174 2373 
i « ear u 
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TABLE II, 


Specific Output, Color, and Black-body Temperalures for a Carbon Lamp. 


Blac k-body 


Lumens per Color temperature 
watt temperature (A = 0.005) 
0.38 1672” K. 1647° K. 

55 1736 707 
75 1795 1762 
Od 1849 ISI5 
1.25 1904 1860 
1.56 1954 2 
1.90 2003 1959 
2.25 2050 2002 
2.42 2065 2017 
2.09 2095 2045 


THE CANDLE-POWER OF THE BLACK BODY AND THE 
MECHANICAL EQUIVALENT OF LIGHT. 


By E. P. Hyde, F. E. Cady, and W. E. Forsythe. 


lite candle-power of a vacuum carbon tube black body was 
measured for a temperature range from 1800° Kk. to 2600° Kk. 
Conditions were not as steady, and hence the accuracy was not 
is great at the higher temperatures as at the lower. 

Diaphragms were located within the heater tube so as to make 

t as nearly black as possible. The limiting diaphragm was about 
5 mm. for part of the work and 4 mm. for the remainder. These 
limiting diaphragms were so located that no radiation reached 
the photometer excepting from the central diaphragm within the 
furnace tube. The temperature of the carbon tube furnace was 
measured with an optical pyrometer which had been calibrated 
by direct comparison with a platinum-wound black body held at 
the temperature of melting palladium, Higher temperatures were 
measured by extrapolating by means of Wien’s equation, using 
sectored disks. 

When making the intensity measurement at any given tem- 
perature of the black body the comparison lamp was set at an 
approximate color match and the candle-power of this comparison 
lamp was subsequently measured in terms of carbon lamp stand- 
ards from the Bureau of Standards. Check values of the candle 
power were made at two low temperatures (1710° K. and 
(820° K.) from a platinum-wound black body. ‘These checked 
the values from the carbon tube furnace within the limit of error. 
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Che results at the different temperatures are given in the table. 
hile further experiments now under way may show changes, the 
ults given are probably correct to within ten degrees through 

range. 

Having the candle-power of the black body at a definite tem- 
perature makes it possible to calculate the mechanical equivalent 

light for the wave-length of greatest visibility (0.5554.) If J 
resents the mechanical equivalent in lumens per watt, / the 

us tlux per cm.? for the black body expressed in lumens 
jr x mean spherical candle-power ), //, the visibility of radia- 

n, and E the distribution of energy in the black-b« dy radiation 

particular temperature, we have vj HW, E dy= F. 


H, the values obtained by Nutting, together with the values 
viously determined in this laboratory, were used. Determining 
by Wien’s equation where C, =3.8« 10°" “""?, C, = 1.4460, 
vas determined for four different temperatures. The average 


the results thus obtained is 760 lumens per watt as the mechani- 


quivalent of light for the wave-length of greatest visibility 

’ j { f I , 
TOK 0.053 
SOO ( 3 
10 244 
2000 4 

“ OM 

’ 

) 2.4! 
om 2S 
=O yo ¢ 
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Practically Silent Railroad Wheels. Anon. (Scientific 
nerican, vol. cxiv, No. 7, February 12, 1916.)—Despite the num- 
of attempts made in the past to produce a really silent wheel for 
ilroads, no successful wheel of this type has been generally adopted 
the railroad companies. In the course of long-continued tests 
always cropped out disadvantages which the inventor had over- 
oked in the design of his wheel. At the present time, however, 


tern railroad officials are greatly interested in the performances 
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of a new type of wheel which has been undergoing severe tests and 
subjected to nearly a year of actual service. 

The new wheel consists of two distinct parts: a hub surrounded 
by a tread casting. These two members are separated by a space 
concentric with the periphery into which a cushion of rubber is 
inserted. Reéntrant curves at intervals are provided to prevent creep- 
ing. Among the advantages claimed by the inventor, and so far borne 
out by tests made in Portland, are the following: Several times the 
tire service of an ordinary cast-iron wheel; tires are easily removed 
and renewed ; wear of the cushion proper is estimated at four years 
on average trolley service; steam railroad tests indicate its good in- 
fluence on the rolling stock, rails, and switches; on city and inter- 
urban trolley lines the question of excessive noise is solved to the 
satisfaction of residents along the routes; greatly-improved riding 
qualities of the cars and greater comfort for the passengers. 


A Hydraulic Analogy of the Wheatstone Bridge. k. 5. 
WutprLe. (Proceedings of The Physical Society of London, vol. 
xxviii, part i, December 15, 1915.)—The analogy of the flow of water 
along pipes is frequently used when teaching Ohm’s law, but the 
author does not know of a published description of a simple model. 
\bout 18 years ago Professor Callendar showed a model of a 
W heatstone bridge in which the arms of the bridge consisted of small 
capillary tubes through which a stream of gas or air could be passed. 
The galvanometer, or differential pressure indicator, as it was in this 
case, consisted of a mica vane pivoted in such a manner that it was 
deflected whenever the pneumatic pressure became greater on one 
side of the vane than on the other. By means of taps and tubes of 
various lengths Professor Callendar was able to show the effect of 
increasing or diminishing the length of pipe through which the gas 
passed. The objection to the pneumatic model from the teacher’s 
point of view is that the pressure indicator is difficult to make, and 
that all the taps require good workmanship. In the model shown, 
glass and India-rubber tubing with some glass taps are all that are 
required. The solution used is water colored with ink, and this is 
allowed to flow slowly through the bridge circuit. 

The galvanometer or detector is simply a large air bubble in a 
horizontal glass tube placed across the bridge arms. A tap is placed 
in the tube for adjusting the size of the bubble. When the capillary 
resistance of the tubing on each side of the bridge is equal, the bubble 
is stationary in the centre of the tube. As soon as the balance of the 
bridge is disturbed by either partially closing a tap or by introducing 
another length of tubing by the opening of a tap, the want of balance 
is shown immediately by the movement of the air bubble. Balance is 
restored by introducing or diminishing the resistance in the opposite 
arm of the bridge, and the bubble at once takes up its null position. 
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RONTGEN-RAY SPECTRA. 
By A. W. Hull. 


HIs article is a first report of work upon the accurate meas- 
ment of the quality and intensity of X-rays from a standard and 
ictly reproducible X-ray tube. 

\ Coolidge tube is excited by a voltage of 100,000, boosted 
the 150-volt, 2000-cycle alternating current of the mains by 
transformer, and rectified by kenotrons. Oscillations are 
othed out by inductance and capacity until the voltage varia- 
ns are less than a per cent. for 5 kilowatts and are still smaller 
r loads below 5 kilowatts. 

Che spectrometer is of the usual form, with a crystal of rock 

or Iceland spar substituted for the prism, and an ionization 

nber in place of a photometer. 

\Vave-length and intensity values for the \-ray spectra from 
tungsten target at five different voltages from 20,000 to 40,000 

plotted, and show a very rapid decrease in wave-length, with 

e in voltage, and at the same time an increase in intensity for 
wave-lengths. Hence a penetrating ray free from soft radia- 
ns can be obtained only by using a filter exhibiting selective 
sorption for the latter. Measurements of the spectrum at 
000 volts with and without a filter of 3 mm. of aluminum in- 
ite that the intensity of the soft rays has been reduced much 
re than that of the penetrating, but there is still a great deal 
the former left. Use of still heavier filters to further reduce 
he intensity of soft rays would also cut down the intensity of the 
enetrating rays toa small fraction, but with a very powerful tube, 
ch as in process of development, there may vet be left sufficient 
r practical work. It is also hoped that by use of some special 
rget material giving a powerful radiation of a particular wave- 


at 


ngth it may be possible to obtain still purer ‘* monochromate ” 
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rays of high penetration, It is the wave-length that determines 
penetration, therapeutic action, and all other effects, and, with 
rays having the same spectrum, the only variable is milliampére- 
minutes. 
\ny spectrum obtained with constant voltage may be du- 
plicated with fluctuating voltage by using a definite but different 
voltage and current, but the conversion factors must be known 
and will be large for machines differing greatly in wave-form. 
lhe principles upon which the work is based, the operation of 
the spectrometer, and the method of obtaining constant voltage 
ire explained in detail, with diagrams, curves, and oscillograms 


MAXIMUM FREQUENCY OF X-RAYS AT CONSTANT 
VOLTAGES BETWEEN 30,000 AND 100,000. 


By A. W. Hull.! 


\[EASUREMENTs taken from curves of the energy distribution 


7 
‘ 


he X-ray spectra at constant potentials determined with an 
accuracy of 3 or 4 per cent. by means of the spectrometer show 
that the maximum frequencies for voltages up to 100,000 are 
given accurately by the quantum relation; that 1s, they are propor- 
nal to the voltage. There is no tendency for the frequency to 
ll off at the higher voltages, such as Rutherford reported from 
rk by the absorption method, and no indication that such fall 
ng off will occur at still higher voltages than those studied. 

10°” 


t 


J L 


10° volts the maximum frequency observed was 22.8 


Qs 


NEGATIVE RESISTANCE. 
By A. W. Hull.2 


APPLICATION of the principles of electron emission in high 
vacuum has produced a device having all the characteristics of a 
true negative resistance. It consists of a hot filament cathode and 
te anode, with an interposed perforated plate, or grid, main- 


plat 
This grid 


tained at a constant potential higher than the plate. 
irries away the secondary electrons produced by bombardment 


7, 156-8, January, 19r1¢ 


TOO 


Review, 7, 141-3, January, 19 
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the plate. As the velocity of the primary electrons from the 
‘nt increases, with increase of potential gradient from fila- 


~ 


nt to plate, the secondary emission from the plate increases, 
at first and then more rapidly, finally exceeding the primary 
the net result at sufficiently high voltage is a loss of elec- 
ity from the plate. Consequently the current to the plate with 
ing voltage increases at first slowly up to a certain value, and 
n falls off rapidly, just as would occur with a negative resis- 
nee in circuit. This phenomenon is completely reversible, has no 
ypreciable lag, and is aperiodic. 
[ypical of the many scientific applications of this apparatus 
ts use connected in series with a positive ohmic resistance, when 
ts as an extremely sensitive amplifier of voltage changes 
ss the terminals of the combination. Preliminary tests have 
an amplification of 1oo-fold, and there should be no dif- 


roing to TOoOO- or TO0,000 fold. 


SUMMARY OF PHYSICAL INVESTIGATION WORK IN 
PROGRESS ON (X-RAY) TUBES AND 
ACCESSORIES. 


By W. D. Coolidge. 


article is an illustrated discussion of the objects, prog- 
ind outlook of some of the X-ray researches being prosecuted 
Research Laboratory. The following points are considered 
tail: 
arget design for sharp definition, requiring uniform energy 
t and cooling of the focal spot Materials, water- 


bution 

°, constant current excitation, rotation, focu 
oded target to cut out secondary radiations 

Reduction of size of bulb to 4 inches at least. 

‘| ipless bulb. 

High potential tube with hooded and water- 

Transformer require- 


ooled target. 


rrent supply and voltage regulation. 


xact control of filament temperaturs 
\leasurement of tube voltage 


rican Journal of Rintaenol 2. Xs 2 TDecen 
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HEAT CONDUCTIVITY OF TUNGSTEN AT HIGH TEM- 
PERATURES AND THE WIEDEMANN-FRANZ- 


LORENZ RELATION. 
By Irving Langmuir.! 


CALCULATIONS based upon the previously-measured * resist- 
ance and power radiation of a tungsten filament between 600 
and 2800” Kk. have led to the development of a differential equa- 
tion to express the temperature distribution along a filament in 
the neighborhood of a cooling junction, from which values of the 
ratio of the temperature at the cooling junction to that at a point 
so far remoyed as to be unaffected by the junction can be calcu- 
lated with any desired accuracy of approximation. 

Recalculations from Worthing’s data on the heat conductivity 
»f tungsten at high temperatures * have shown that his experi- 
mental results are quite consistent with the assumption that the 
heat conductivity is practically independent of temperature. The 
value at 2410 K. from these data is 1.14 watts per centimetre 
per degree. 

\llowing a temperature coefficient, as suggested by the work 
of Jaeger and Dieselhorst, tungsten fits in with the Wiedemann- 
Franz-Lorenz relation as well as do most other pure metals. 


RADIATION FROM TUNGSTEN FILAMENTS AND THE 
MECHANICAL EQUIVALENT OF LIGHT. 


By Irving Langmuir. 


From careful measurements on fifteen special lamps, of volts, 
amperes, candle-power, and temperature, corrected for the cool- 
ing effect of leeds, and of length and diameter of filaments, the 
following quantities were calculated for some 19 different tem- 
peratures between 273° and 3540° K.: 

1. Specific resistance. 

2. Resistance exponent, m ,=d log R/d log 7. 


*Physical Review, 7, 151-2, January, 1916 
Ibid., 7, 152-4, January, 1916. 

Ibid., 4, 538 (1914). 

* Ibid., 7, 152-4, January, 1916. 
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3. Watts radiated per unit surface. 

}. Watts exponent, 1, =d log II’/d log 7 where JI’ = watts 
liated ato” K. 

5. Total emissivity. (Watts radiated as fraction of total 
liation from a black body at the same temperature. ) 

6. Intrinsic brilliancy per square centimetre of projected area. 


>. Color expressed as temperature of a black body which 


ts light of the same color. 
(he mechanical equivalent of light, using Nutting’s visibility 


and taking as constants of the Planck equation 


( 3.72 X 10° watts 


found to be 0.00121 watt per lumen, compared with Nutting’s 
value of 0.00120, and that of Ives, Coblentz, and Kingsbury, 
0.00162. If the last value is correct, either the emissivity of tung- 
sten for A 0.55 should be 0.07 | instead of 0.50) or the melting- 
point must be at least 3750° K., both of which suppositions are 
holly inconsistent with the observations. 
The methods of measurement are stated and a table of the 


erical results given. 


The Production of Ammonia from Cyanamid. \\. 5S. LANDISs. 
urnal of Industrial and Engineering Chemistry, vol. 8, No. 2, 
‘bruary, 1916).—The large number of installations operating with 
erfect success in various parts of the world for a number of years 
ve demonstrated the commercial possibility of making ammonia 
un lime nitrogen. The plant, in its present highly-developed state, 
is extremely certain in its action and simple to operate. The efficiency 
btained in the transformation of the nitrogen in lime nitrogen into 
mmonia gas is upward of 98 per cent. The consumption of reagents 
is remarkably small, and they are cheap and easy to obtain in all parts 
he world. 

The quality of the ammonia produced by this process is not sur- 
passed by any in the United States. It is chemically pure as pro- 
luced, and requires no further costly and tedious purification to 

ider it available for the highest grade chemical products or for 
he production of the liquefied anhydrous product. The actual cost 
f production of this high-grade pure ammonia on a considerable 
scale, which enables one to take advantage of the lower price at 
hich lime nitrogen is offered, brings high-grade cyanamid-ammonia 
e market almost as cheaply as the most impure forms already 
there, and very much cheaper than it is possible to obtain an 


ial quality of ammonia from gas-house liquor, the coke ovens, ete. 


Alit 
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d 
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An Investigation on the Transmission, Reflection, and Absorp- 
tion of Sound by Different Materials. IF. R. Watson. (The 
Physical Review, vol. vii, No. 1, January, 1916.)—The apparatus 
employ ed in the experiments on the transmission of sound consisted 
of an adjustable whistle for a sound source, mounted at the focus of 
a parabolic reflector with a focal length of nine inches and an 
nae of five feet. This was placed in front of an open doorway, 
so that the sound, which proceeded in a large bundle from the re- 
flector, could pass through the doorway into another room. The 
receiver of sound, a Rayleigh resonator, was mounted in the other 
room in the path of the sound symmetrically opposite the reflector and 
doorway, and measured the intensity of the transmitted sound. 

The resonator used is a modification of Rayleigh’s original design. 
[t consists of a horizontal brass tube closed at one end by an ad- 
justable piston. A mica disk is suspended by a quartz fibre at an 
angle of 45° with the axis of the tube. When the sound of the 
whistle reached the resonator, it set up a back-and-forth surging of 
the air in the resonator and caused the mica disk, which was placed 
at the loop, to rotate. This action is in accordance with the general 
principle that any flat object in a current of air tends to set itself at 
right angles to the current. The amount of rotation was measured 
by means of a lamp and scale in connection with a mirror which was 
attached to the suspended system above the mica disk. Measure- 
ments were taken, first, through the open doorway, then with one 
panel of material placed over the doorway, then rte panels, and, 
finally, three panels, the deflection of the resonator being noted for 
each case. 

The results show that 14-inch hairfelt stops less sound than othe 
materials, one layer stopping only 43 per cent. Next comes } inch 
cork board, which stops 80 per cent. for one layer and 9o.5 per cent. 
and 92.6 per cent. for two and three layers respectively. This is 
followed by 34-inch paper-covered hairfelt, 3 1-inch flaxboard, and, 
finally, '4-inch pressed fibre, one layer of which stops practically all 
the sound. 

The transmission of sound of constant pitch depends on at least 
three qualities of the transmitting material: its porosity, density, and 
elasticity. Porous bodies transmit sound in much the same propor- 
tion that they transmit air. This is why the hairfelt transmits more 
sound than the other samples. Density also plays a part. Two 
materials stop sound in proportion to their densities, other conditions 
being equal. Thus the pressed fibre stops more sound than the same 
thickness of cork, because it is heavier. Finally, an elastic body may 
transmit sound if it happens to be in tune with the source in sound 
so as to vibrate in unison with it. When the pitch of the sound 
varies, porous walls and elastic walls reflect high-pitched sounds in 
greater degree than low-pitched ones. 
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reported the condition of the work f the committe: 


e standing committees for the year 1916-17 were announced 
E. deSchweinitz, Esq., M.D., LL.D., of Philadeiphia, presented the 
he evening, entitled “ Drug and Occupational Amblyopias.” 


nsideration was given to the deleterious effects on the visual apparatus 


d by the abuse of tobacco and alcohol, and particular reference was made 


] 


dangers of wood-alcohol as it is employed in the various trades and 
es 1 


is abused when employed as an adulterant and to take the place of grain- 


t 


1 


hol, particularly in cheap grades of essence of peppermint, bay rum, ete. 


1 1 + * 1 


nitrobenzol, and di 


langers to the ocular apparatus of those who work in lead, bisulphide of 
; ; 


itrobenzol 


nce ( 1 ed by the large dost 5 f quinit S. sal 

ain arsenic prepar xvl he lecture was illustrated 
nerous lantern slides, showing the lesions in the ocular apparatus and 

the visual field. 
fter brief discussion the thanks of 1 , tine were extended to 
Schweinitz 
é | B. Owens 
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COMMITTEE ON SCIENCE AND THE ARTS. 


bstract of Proceedings of the Stated Meeting held IVednesday, 
February 2, 1916.) 
Hatt oF THE FRANKLIN INSTITUTE, 
PHILADELPHIA, February 2, 1916. 
Mr. G. H. CLAMER in the Chair. 
Mr. C. E. Bonine was unanimously elected Chairman for the year 1916 
lhe following reports were presented for first reading : 
No. 2654.—Circle Drawing Attachment for Microscopes 


~. 


No. 2655.—Prepayment Gas Meter. 


The following reports were presented for final action 
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No. 2626.—Dorr’s Hydrometallurgical Apparatus: the Dorr Classifier, 
the Dorr Thickener, and the Dorr Agitator. John V. N. Dorr 
recommended to the City of Philadelphia for the John Scott 
Legacy Medal and Premium. 

No. 2634.—Cement-Gun. Carl E. Akeley recommended to the City 
of Philadelphia for the John Scott Legacy Medal and Premium. 

R. B. Owens, 


Secretar 


SECTIONS. 

f Physics and Chemistry —A meeting of the Section was held 
Hall of the Institute on Thursday, February 10, 1916, at 8 o’clock p.M., 
Dr. Robert H. Bradbury in the chair. The minutes of the previous 
ge were approved. 
Charles Baskerville, Ph.D., F.C.S., Professor of Chemistry, College of 
City of New York, presented a paper on “ Refining of Animal and Vege- 
e Oils.’ Dr. Baskerville described the process at present in use for 
refining vegetable oils by neutralizing the free fatty acids in the crude oil, 

illy by agitating the oil with an aqueous solution of an alkali, and 
heating the mixtures during agitation until the oil “breaks.” The 
is then allowed to stand until the “ foots” settle and the oil drawn off 
neans of a siphon. He then demonstrated a new process for increasing 
peed of refining and also for increasing the quantity of refined oil and 
ime time reducing to a minimum the amount of oil entrained in the 
ts.” The subject was illustrated by several experiments. 
\fter a brief discussion, a vote of thanks was extended to the lecturer 
meeting adjourned T. R. ParrisyH, 
Acting Secretary. 

chanical and E:ngineertng Section \ joint meeting of the Section and 
merican Society of Mechanical Engineers was held in the Hall of the 
tute on Thursday, February 3, 1916, at 8 P.M. 
Mr. Charles Day and Professor Fernald presided jointly 

Mr. Day introduced Arthur M. Greene, Professor of Mechanical Engineer 
Rensselaer Polytechnic Institute, Troy, N. Y., who presented a paper on 
he Development of the Pumping Engine 

Ihe lecturer described the earliest devices for raising water, and traced 
levelopment of pumping apparatus from ancient times to the present day. 
sideration was given to the inventions and improvements of Hero, Savery, 
weomen, Watt, Bull, Worthington, Reynolds, Gaskill, d’Auria, and others, 
the special contributions of each to the perfection of the apparatus were 
ted out. The modern requirements of a pumping engine were outlined 
recent large installations were described. The subject was illustrated by 
hundred lantern slides 
After a brief discussion, a vote of thanks was extended to Professor 


Ad) urned f % R PARRISH, 


fry 1 Secretar 
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BOOK NOTICES. 
M LOGRAPHY AND HeaAt-TREATMENT OF IRON AND STEEL, by Albert 
veur, Professor of Metallurgy and Metallography in Harvard Uni 
rsity and The Massachusetts Institute of Technology. Second edition. 
imbridge, Sauveur and Boylston, 1916. 504 pages, 438 illustrations, 8vo. 
’rice, $6 

s is a new edition, revised and enlarged, of Professor Sauveur’s 


tallography of Iron and Steel,” published in 1912, a comprehensive review 


which appeared in the JoURNAL or THE FRANKLIN INsTITUTE, February, 


The author states that 50 pages of new matter and nearly 100 new illus 
have been added in this revision. 


reful comparison of the first and second editions shows that practically 


ne arrangement of matter and illustrations has been retained, subs 


the word “ Chapter” for “Lesson” in each subdivision and trans 


the instructions regarding “ Manipulation and Apparatus” from the 


ndix in the first edition to ( 


1apters II and III in the new edition 

ose who do not already possess the first edition this new editi 
ve invaluable not only to students of metallurgy but also to practical 
in the field which it covers so fully 

There has been an unexpectedly great enlargement of need for such a 


izhly up-to-date book in this country since the first edition appeared, 


before the outbreak of the European war, for very many establish 
ive obtained large contracts for metallurgical products requiring most 


ful and accurate heat-treatment 


\ new edition of this classic is therefore timely 
(LEX. E. OUTERBRIDGE, Jr. 


HANDBOOK OF COLLOID-CHEMISTRY: THE RECOGNITION OF COLLOIDS, THE 


THEORY OF COLLoIps, AND THEIR CHEMICO-PHYSICAL PROPERTIES, by Wolf- 
gang Ostwald. First English edition, translated from the third German 
dition by Martin H. Fischer, assisted by Ralph FE. Osper and Louis 
Berman. Philadelphia, P. Blakiston’s Son & Co., 1915. 266 pages, illus- 
trations, 8vo. Price, $3. 

It is a question of literary taste whether the German word “ Handbuch ” 
not be better rendered by the word “ Manual,’ or even whether the 


nle title “‘ Colloid-Chemistry ” would not have been enough However. the 


RE OE Pom 
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reviewer is not concerned with these details, but with the merits of the book 
and scope of it. It is, indeed, hardly necessary to criticise. One may be sure 
1at the volume will be found to be a comprehensive and authoritative exposi- 
tion of the field to which it is devoted, and the principal points to which 
examination of the English edition should be directed are the correctness of 
he translation and the adherence to the English idiom. The work seems 
entirely satisfactory in these respects. There is a gratifying lack of awkward 
phrases that are so often found in works translated from the German. 
A summary of the tables of contents will give an idea of the scope of the 
rk. Under the head of General Colloid-Chemistry are discussed: Relations 
etween physical state and general properties ; general energetics of the disper- 
soids; distribution of the colloid-state and the concept of colloid-chemistry. 
nder the head of Special Colloid-Chemistry are discussed: Relations of 
ume and mass in colloids; movement in colloid systems and its results. 
Dr. Fischer, in his preface, refers to the fact that the problems of 
lloid-chemistry are nowadays more to the fore than those of the crystal- 
loids. This is probably due to the fact that the crystalloid condition is essen- 
ially one of rest, while the colloid condition is one of action. He also 
<presses, not unnaturally, astonishment at the fact that seven years and 
hree large German editions of this work were required before it appeared in 
the language of Thomas Graham and the brilliant group of modern English- 
iking colloidists. 
The book has a portrait of Thomas Graham as a frontispiece, and is 
ll printed. It is scarcely necessary to say that it will at once take front 
ik among the works available in English to the student of this important, 
iplex, and rapidly-growing field of science. 


Henry LEFFMANN. 


DUCTION TO THE PHYSICS AND CHEMISTRY OF COLLOIDS, by Emil 
latschek. Philadelphia, P. Blakiston’s Son & Company, 1916, 102 pages. 
Second edition. 17 illustrations, I2mo. Price, $1. 
This is an excellent summary of the facts and theories concerning col- 
ids and can be read almost at one sitting (not “ setting,” as the author gives 
word on page 17). In the preface to the first edition, which is reprinted 
the present issue, it is stated that the work is essentially a republication 
articles that appeared in the Chemical Trade Journal, based on lectures 
lelivered at the Sir John Cass Technical Institute, to an audience composed 
students in many departments of chemistry and of widely different degrees 
preparation, hence the necessity for a distinctly elementary treatment of 


he topics. In the present issue the work has been increased by an appendix 


The book is well printed, and a perusal of it will give much important 
formation to that numerous class of chemists who began their studies in the 
hird quarter of the last century, when Graham’s work was new and “ Chemical 


Physics’ was a mere side-issue in science. Henry LEFFMANN. 
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ranic Chemistry; or, Chemistry of the Carbon Compounds, by Vi 
Richter. Edited by Prof. R. Anschiitz and Prof. G. Schroetter. Vol. 1 
Chemistry of the Aliphatic Series. Newly translated and revised from th 
erman edition (after Prof. Edgar F. Smith’s third 
Per E, Spielmann, Ph.D., B.Sc., F.I-C., A.R.C.Sc. 


Ry Phi 


hiladelphia, P. Blakiston’s Son & Co. 


American edition 

719 pages, illustrations, 

, 1916. Price, in cloth, $5 

ysis and its Industrial Applications, by E. Jobling, A.R.C.Sc., B.Sc 
printed from The Chemical World. 

talnhi 


120 pages, illustrations, 12n 
phia, P. Blakiston’s Son & Co., 


1916. Price, in cloth, $1. 
Introduction to the Physics and Chemistry of Colloids, by Emil 
ek. Second edition, 107 pages, illustrations, 12mo. Philadelphi 
Price, in cloth, $1. 


1916 publie par le Bureau des 1 


kiston’s Son & Co., 1916. 


e pour lan ongitudes. 


Scientifiques. 657 pages, 24mo. Paris, Gauthiers-Villars, no date 
in paper, I franc 50c. 
. .. 


bureau o 


11 
l¢ 


f Standards, Technologic Paper No. 53, An Investigation 
Tin Boiler Plugs, by George K. Burgess, Physicist, and Paul D. Merica, 
stant Physicist. 37 pag 


oT 


37 pages, illustrations, 8vo. Washington, Government 
I ting Office, 1915 

S. Bureau of Mines, Technical Paper 108, Shot Firing in Coal Mines by 

icity Controlled from the Outside, by H. H. Clark, N. V. Breth, ar 

C. M. Means. 36 pages, 8vo. Washington, Government Printing Office, 1915 
The Periodic System and the Properties of the Elements. 
D. Harkins and R. E. Hatt. (The Journal of the American 
mical Society, vol. xxxviii, No. 2, February, 1916.)—In this 


1 periodic table has been presented which shows graphicall) 
elations between the main and the sub-groups of elements. 
main defect of the periodic tables which have been designed for- 

rly is that they do not show these relations correctly. The table 
inges the elements in the exact order of their atomic numbers, 
| gives no blanks for unknown elements which do not correspond 
to atomic numbers as determined by Moseley’s work on the X-ray 
spectroscopy of the elements. It also plots the elements according to 
their atomic weights, so the isotopic forms of an element may be shown 
iphically on the table, and the alpha and beta decompositions 
\f the radio-active elements may also be plainly depicted. 
ro and the eighth groups fit naturally into the system. 

The table may be best represented as a helix in space, but may be 

wn as a spiral in a plane. 


oT 


Both the 


The space form is represented by its | 
rtical projection on a plane, but drawn with line perspective so 
t it may be easily visualized. 
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Development of the Incandescent Lamp. [rom “ Light and 
Illumination,” C. P. SreinMEtTz. (Journal of the Western Society 
of Engineers, vol. xx, No. 9, November, 1915.)—AlIl the advance 
made in illuminating engineering has been made by utilizing higher 
and higher temperatures. Attempts at producing light by the electric 
current were made by heating wire conductors to a high temperature, 
and the first attempt at an incandescent lamp was with a platinum 
wire ; but platinum melts at about 1760° C., and the efficiency of light 
production by this means was very low. Then Edison discovered 
that a wire of carbon—a carbon filament—could be used in the place 
of platinum. Carbon does not melt or boil until a temperature of 
about 4000° C, is reached. Consequently it should withstand a much 
higher temperature in an incandescent lamp than platinum. The 
old carbon filament lamps were run at about 1800° C., somewhat 
above the melting-point of platinum, and thus with higher efficiency 
and no danger of melting. About 45 watts of electrical energy were 
required per candle-power. 

Higher temperature and correspondingly better efficiency were 
limited, not by the melting or the boiling of the filament, but by 
another limitation—evaporation. The carbon filament, much below 
its melting- and boiling-point, slowly evaporated, the carbon vapor 
being deposited on the lamp bulb. With continuous evaporation the 
filament became thinner; thereby the temperature lowered and the 
light became less. The deposited carbon vapor also obstructed the 
light. The operating temperature of the old carbon filament lamp is 
therefore limited to a value where the rate of evaporation does not 
unduly reduce the light production within a reasonable time of, say, 
500 hours or so. 

The material obtained by carbonizing the bamboo fibre employed 
in incandescent lamps evaporates rather rapidly, but carbon deposited 
from gasoline at high temperature does not evaporate so easily and 
can be used at higher temperatures. A higher efficiency was therefore 
obtained by depositing a shell of carbon from gasoline vapor upon 
the carbon filament produced from fibre. 

The carbon filament of the old incandescent lamp evaporated, 
although it was operated at a temperature much below the boiling- 
and melting-point. Tungsten, on the other hand, can be run nearly 
at the temperature of the melting-point with very little evaporation. 
Osmium proved very efficient as an illuminant in a lamp, but is too 
rare to be generally used. Tantalum gave good results, having a 
higher resistance than carbon, but it has been superseded by tungsten, 
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because the melting-point of the latter is much higher and is now used 
in all lamps having metallic filaments. The so-called “ Mazda” 
is a tungsten lamp and requires one watt per candle, while the carbon 
mp requires three watts per candle. 
In the carbon and tungsten lamps a vacuum has been used. 
Naturally the lamp having a carbon filament must at least be 
exhausted of air to prevent its combustion, but that is not the funda- 
mental reason for the vacuum, because the lamp bulb might be filled 
th a gas in which carbon will not burn, such as nitrogen, hydrogen, 
‘argon. But to maintain the carbon filament in such a gas at the 
temperature it would have in a vacuum would require much more 
The use of a vacuum, however, is disadvantageous, because 
facilitates evaporation, and thus sets a lower and less efficient limit 
the temperature to which in practice the filament should be raised, 
even though far below the melting- or boiling-point. 
\ssume the evaporation in a vacuum to be such as to limit the 
life of the lamp to 1000 hours at the temperature produced by 100 
watts, then with nitrogen at atmospheric pressure we could use, say, 
200 watts with the same rate of evaporation and blackening. But this 
vould raise the temperature, so that, while 100 watts will give 200 
candles, 200 watts would give 600 candles, were it not for the heat 
irried away by the nitrogen from the filament. Consequently an 
Iditional 100 watts must be supplied to make up for this loss and 
ise the temperature sufficiently to give the 600 candles. In this 
the candle-power of the lamp has been increased from 200 
ndles with an expenditure of 100 watts to 600 candles for 300 watts 
th the same evaporation, blackening, and life, which means an 
rease in efficiency over the vacuum lamp from one candle per 
tt to two candles per watt. 


The Density of Lead from Radio-active Minerals. J. W. 
fARDs and C. WapswortH, 3D. (The Journal of the American 
Chemical Society, vol. xxxvii, No. 2, February, 1916.)—The starting 
differences observed by several investigators in the atomic weight 
of lead from radio-active sources obviously suggest that other proper- 
ties also may vary in different specimens; and the comparison of 
hese may be of service in tracing the true causes of the differences 
in atomic weight. The phenomena are of interest whether or not one 
pts the plausible hypothesis of Soddy and Fajans concerning 


AC Cc} 
he “isotopes.” In a new field of this sort as great a variety of 
facts as possible is peculiarly important. 
The densities of ordinary lead (having an atomic weight of 
7.2) and of lead from Australian radio-active sources (having an 
itomic weight of 206.3) were carefully determined in a convenient 
pycnometer which is described in detail for the first time, although 


ng in use. The density of ordinary lead reduced to the vacuum 


+ 


Voit, 181, No. 1083—31 
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standard was found to be 11.337, and that of radio-active lead, 
11.288. Continued fractionation produced no change in this low 
density, and it could not have been due to any irregularity in pre- 
paring the metal, since the samples were all prepared in the same 
way. ‘This difference in density is especially interesting because 
it almost exactly parallels the difference in atomic weight. Thus 
the atomic volume of radio-active lead is found to be almost exactly 
equal to that of ordinary lead, the figures being each nearly 18.28. 


Turbo Blowers and Compressors. H. LL. Guy and I’. L. Jones. 
(Proceedings of The South Wales Institute of Engineers, vol. xxxi, 
No. 5, January 16, 1916.)—Perhaps the most marked feature in the 
history of power production has been the replacing of reciprocating 
machinery by that of rotary type. The steam turbine has invaded 
and captured a considerable portion of the fields of usefulness of the 
reciprocating steam engine. The centrifugal water-pump has 
replaced the reciprocating pump; rotary condensed auxiliaries are 
rapidly superseding reciprocating plant, and rotary air blowers and 
compressors have entered into successful contest with reciprocating 
compressors. The principal factors which have decided the issue 
in favor of the rotary plant are: small space, excellent balance, and 
low first cost and maintenance. Machinery of this type has the addi- 
tional and valuable advantage that a mixed pressure turbine can be 
employed utilizing waste steam, a large quantity of which is usually 
available. 

The turbo blower is really a multi-stage centrifugal air-pump con- 
sisting essentially of several pumps driven by a common spindle, with 
the outlet of one discharging into the intake of the next. Although 
the operation is very similar to that in a centrifugal water-pump, 
there are important differences in the two classes of machines. (1) 
For a given peripheral speed, the terminal pressure is proportional 
to the density of the medium, hence the pressure produced in the 
impeller of the blower is about 1/800 of the pressure that would be 
produced with water, water being 800 times as heavy as air. For this 
reason it is always necessary to build blowers, even with such low 
terminal pressures as 5 pounds per square inch, with more than one 
impeller, and for the more usual pressures of from 8 to 15 pounds 
per square inch it is necessary to employ three, four, or even five 
stages. (2) In a water-pump the density remains constant, and 
therefore the increase in pressure per stage is constant, but in a 
blower the pressure and temperature of the air change, resulting in a 
change in density, so that the increase in pressure per stage is con- 
tinually increasing. Turbo compressors are identical with turbo 
blowers in principle and operation and usually deliver air at pres- 
sures between 50 and 100 pounds per square inch. Stating the 
efficiency as the ratio of work actually done to that necessary with 
isothermal compression, an efficiency of 60 to 66 per cent. can be 


obtained. 
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Blue Bulb Electric Lamps in Photography. ANon. (Bulletin 
Engineering Department, National Lamp Works of General Electric 
mpany, No. 26, December 30, 1915. )—The short exposure required 
portrait and motion-picture photography demands a high intensity 
of actinic light. At the same time, in order that the reproduction of 
facial expression may be natural, the brightness of the light should 
t be so intense as to cause the subject to squint. These contrary 
juirements led to the development of a special blue-grass bulb for 
oo-watt Mazda C. lamps, which is known as the “ photographic- 
lue” bulb. This bulb screens out about two-thirds of the light 
emitted by a Mazda C. lamp filament, but it transmits, as shown 
by spectograms, all those rays which are actinic to those green- and 
llow-sensitive emulsions that are usually called orthochromatic. 
urthermore, the light from the photographic-blue bulb Mazda C. 
np appears like daylight, and its ordinary-emulsion actinicity per 
lle-power is so nearly equal to that of daylight that it may be 
mixed with daylight without any allowance being made in judging 
he proper time of exposure. This is an important quality, for it 
enables the photographer to estimate amounts of exposure by the 
brightness of the subject in accordance with his usual practice. 
Obviously, these advantages, namely, the reduction in brightness 
d likeness to daylight, can be utilized to the fullest extent with 
linary emulsions, and, since most portrait and motion-picture 
hotographs are made on such emulsions, the photographic-blue bulb 


icularly adapted to the illumination of the usual studio. 


Peat Powder Used by Sweden for Locomotives. ANON. 
S. Commerce Report, No. 40, February 7, 1916.)—Experiments 
the use of peat powder on locomotives of the state railways have 
monstrated that as heavy trains can be pulled and as good speed be 
made where this fuel is employed as where anthracite is used, accord- 
ing to a statement issued by the Swedish Telegram Bureau, which has 
en received from the secretary of the American Embassy at Stock- 
holm. The statement declares that the powder can technically as well 
economically take the place of anthracite as fuel for locomotives. 
The railway directors have decided to undertake the development 

of this class of fuel by two different methods for purposes of com- 
parison. Two experts have been requested to give complete esti- 
mates of the cost of preparing a certain bog for the manufacture of 
peat powder, together with estimates of running expenses, by the 
respective methods. The bog selected is said to be that at Hasthagen, 
bout one and one-half miles from the station at Vislanda, with an 


irea Of about 500 acres. 


The Regeneration of Sulphated Storage Cells. G. A. PerLey 
IC. W. Davis. (The Journal of Physical Chemistry, vol. xx, 


[3.4 


442 CURRENT TOPICS. 


No. 2, February, 1916.)—The authors have previously shown that 
sulphated storage cells can be regenerated satisfactorily if the battery 
acid is replaced by a solution of sodium sulphate. Upon the passage 
of a normal charging current, the lead sulphate is reduced within sixty 
hours, even on badly-sulphated grids. This method has since been 
tried by others with uniformly good results. It was conceivable that 
some other salt might give deposits that were enough better to justify 
its use, and, accordingly, some experiments have been made with 
other sodium salts. 

The experiments point to the following general conclusions: (1) 
Sodium sulphate is the best salt to use in regenerating positive and 
negative storage-battery grids. (2) Dummy positive grids on the 
outside of the negative plates diminish the time of reduction. (3) 
Hydrolysis of the lead salts formed in sodium hydroxide solution 
yields large and troublesome quantities of lead monoxide. The active 
material of the grids is removed to a considerable extent. (4) With 
sodium sulphite solutions, a hard crystalline lead is deposited at the 
cathode which causes buckling of the grids. (5) Reduction in whole 
or in part of a sulphated grid results by the use of a solution of 
sodium sulphate, carbonate, phosphate, or sulphite. (6) Good anode 
deposits from sulphated grids can be obtained only with sulphate, 
carbonate, and hydroxide solutions. Relatively high anode corrosion 
with sodium hydroxide solutions makes these useless. 


Ignition of Explosive Gas Mixtures by Electric Sparks. |. D. 
MorGan. (The Journal of the Institution of Electrical Engineers, 
vol. 54, No. 254, January 15, 1916.) —A common method of defining 
the least spark which will ignite a given gas mixture is by specifying 
the number of volts and amperes, or the number of amperes and the 
inductance in the circuit prior to the formation of the spark. On 
the assumption that this gives a measure of the ability of a spark to 
ignite a gas (or the “ incendivity ” of the spark), the validity of the 
method has been rightly questioned. Nevertheless, there is value in 
the method in indicating the practical conditions under which spark- 
ing becomes possible. 

An experiment bearing on the subject consists in so adjusting the 
spark-gap between a pair of pointed poles in the high-tension circuit 
of an induction coil that in neither air nor coal-gas alone can a spark 
pass, but the poles emit a faint blue glow or brush discharge visible in 
the darkness. If the poles are contained in a small chamber into 
which an explosive coal-gas and air mixture is introduced, it is found 
that after an interval which varies with the size of the gap the gas ex- 
plodes. The time can be made to vary from the fraction of a second 
to as much as two minutes. If the gap is too large, no explosion can 
be produced; when the explosion-flame appears, a spark at once 
passes, due to the greater electric conductivity of the ionized gases, 
and often persists a second or two after the flame has vanished. The 
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spark appears to be the consequence and not the cause of the 
explosion. 

Experiments such as this suggest the ionic origin of ignition. It 
has been shown that when a hot wire or spark is the source, ignition 
only occurs when ionization is produced, and ionization alone without 

eat has been found to be capable of producing ignition. 


The Heat-insulating Properties of Commercial Steam Pipe 
Coverings. L. B. McMimvan.. (Proceedings of The American 
ety of Mechanical Engineers, December 7 to 10, 1915.)—Most 
the early results of tests of the value of steam pipe non-conducting 
erings apply at only one temperature or two, at most, and for one 
vo thicknesses; they are not applicable to modern conditions 
ving high superheat and thicker coverings. 
Che work which this paper describes has been carried on for a 
eriod of about two years at the University of Wisconsin, and every 
effort has been made to secure accurate and consistent results. The 
effect on heat losses of varying the temperature difference between 
ipe surface and air between 0° and 500° F. has been thoroughly 
investigated, and the conclusions reached are fully explained. Dif- 
ferent thicknesses of material from 0 to 3 inches were tested, and the 
laws confirmed by the results of these tests permit their application 
iny thickness whatsoever; and the drop in temperature from 
team in a pipe to the inner and outer surfaces of the pipe wall under 
rious conditions may be accurately determined. Another new fact 
isclosed is that the loss from any covered pipe is a function of the 
mperature difference between the surface of the covering and the 
surrounding air; and that this function is the same for all coverings 
having the same character of surface, regardless of what the other 
‘operties of the covering may be, since the effects, if any, of these 
roperties appear in the temperature difference. The value of the 
nection has been determined for canvas-covered surfaces, and a 
complete explanation of its significance is included. 
Kapok—a New Textile Fibre. J. Boyer. (Scientific Amert- 
in Supplement, vol. 1xxxi, No. 2094, February 19, 1916.)—A French 
entor, M. Jean Mondamert de St. René, has just created a new 
industry in textiles by discovering a method of carding, spinning, 
nd weaving kapok. This is a silky down from the Bombax cetba or 
riodendron anfractuosum (silk cotton trees), which are well dis- 
tributed in the tropics, especially in the West Indies, South America, 
dthe Soudan. At the moment there are fifty establishments in Java 
collecting this vegetable wool, while five men have been at work with 
it alone for about a dozen years. 
Javanese kapok is composed of threads of a clear yellow, some- 
it silky in texture and one-half to three-quarters of an inch in 
ngth, and is contained in the long capasudal fruit of the tree. In 
midst of the mass of threads constituting a floss there are to be 
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found, previous to working it, seeds of an inch to an inch and a 
quarter in diameter, of dark brown color. On examining the floss 
with a microscope it is seen to be composed of unicellular fibres of the 
length above given, cylindrical throughout most of the length, and 
with thin walls and a light skin near the base. The central tube, 
filled with air, gives to the fibre its very valuable lightness. Aside 
from their lightness, the fibres of kapok possess absolute impermea- 
bility to water, due, according to Dr. Clavel, to the presence of a 
wax with which the filaments are coated. This is described by M. de 
St. René as a “ solidified oil,” who calls attention to the membranous 
nature of the covering. However this may be, kapok, through its 
inaptitude to accept water and the quickness with which it dries, does 
not rot. 

It will support from thirty to thirty-five times its weight in water, 
while ordinary cork will float only about five times its weight. Ex- 
periments have shown that a packet of kapok which sustained thirty- 
two times its weight when first immersed would still hold up twenty- 
six times its weight at the end of a month in water. No other vege- 
table substance known has this extraordinary ratio of flotation power 
and impermeability: it is an attribute of down Bombax alone. On 
account of its elasticity and its lightness, kapok is admirable for the 
stuffing of cushions or mattresses, replacing advantageously feathers, 
wool, or hair. Again, its conduct in the water makes it superior 
for life-preservers, “cork” jackets and other items for life-saving 
in rivers of the sea. 
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